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Diqlvcosvlated 1 .2-diols as mimetics of sialvl-Lewis X and sialvl-Lewis A. 



The present invention relates to mimetics of sialyl-Lewis X and sialyl-Lewis A, in which, in 
the natural tetrasaccharide, the neuraminic acid residue is replaced by an S-configurated 
methyl substituted with one carboxyl residue and one other substituent and the N-acetyl- 
glucosamine residue is replaced by a non-glycosidic residue of a 1,2-diol, to processes for 
the preparation of these compounds and to the use of these mimetics in therapeutic 
methods. 

The complex process of inflammation, which takes place in several stages, is the body's 
natural reaction to injuries in which, for example, there is also invasion by infectious agents. 
Under the influence of cytokines, the endothelium which lines the blood vessels expresses 
adhesion proteins on its surface. The P and E selectins bring about, by a protein-carbo- 
hydrate interaction with glycolipids and glycoproteins on the leukocyte membrane, the so- 
called "rolling" of leukocytes. The latter are slowed down by this process, and there is acti- 
vation of certain proteins (integrins) on their surface which ensure firm adhesion of the 
leukocytes to the endothelium. This is followed by migration of the leukocytes into the 
damaged tissue. 

When this process takes place in a controlled manner, the damage Is eliminated after a 
certain time without major adverse effects remaining. It is otherwise in the case of certain 
acute and chronic inflammatory processes, in which the migration of leukocytes takes place 
in an uncontrolled manner, which leads to severe damage to the body. This is the case in 
disorders such as cardiogenic shock, myocardial infarct, thrombosis, rheumatism, psoriasis, 
dermatitis, acute respiratory distress syndrome and metastatic cancer [Dasgupta, F., Rao, 
B.N.N., Exp. Opin. Invest. Drugs 3:709-724 (1994)]. 

Several approaches to the development of medicaments which intervene at various points 
in these unwanted processes have already been pursued [Dasgupta, F., Rao, B.N.N., Exp. 
Opin. Invest. Drugs 3:709-724 (1994)]. The aim of one route is to prevent the interaction 
between P and E selectins and their receptors on the leukocyte membrane, thus to prevent 
the "rolling", by mimetics of the corresponding epitopes. This also results in suppression of 
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acetylglucosamine (sLe x )]. 

a e. wo 93/1079$ descnbes compounds which comprise in place of the neumn*,!, 
ac^dueihe^ecen^^. wom ^IZZL 

17*™* — «— » > ««d * e„ B.R-, ,2-cycfehe^ 

**. However, . „ common ,„ aB ^ compounds « ta Wnding 

end the E sefecrin is fe^sed oHy feconslderahiy compel * 2 o, s L e" 0^, 7 
worse, end is insufficient (or e therapeutic effect °" sLe , or is in feet 

IT* , H S 7"' SUrated me ^ — »«- «"■ °ne ceitoxy. resfdue end one ether 

Phe« die, resuhs in an unexpected* h, 9 „ Nndin, effinif, o, me resuiifeg m i melic ^ 
n«e, compounds addHona* represent a s,rucfu ra , and ^ ^ 

The present invention relates to compounds of the formula I 



(I) 




in which 

X is the residue of a non-giycosidic aliphatic 1,2-diol; 
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R, is an S-configurated methyl substituted with one carboxyl residue and one other substitu- 
ent; and 

R 2 is hydrogen, C,-C 12 alkyl or C 6 aryl; where the alkyl and the aryl are unsubstituted or sub- 
stituted by one or more substituents selected from the group consisting of OH, halogen, 
C(0)OR slf OC(0)R s4 , C(0)R s2 , nitro, NH 2 , cyano, S0 3 My, OS0 3 My, NR 20 SO 3 M y( C,-C 12 alkyl, 
C2-C 12 alkenyl, d-C 12 alkoxy, C 3 -Ci 2 cycloalkyl, QrC^cycloalkenyl, CrCnheterocycloalkyl, 
C 2 -C 1t heterocycloalkenyl, C 6 -C 10 aryl, C 6 -C 10 aryloxy, C 5 -C 9 heteroaryl, Cs-Cgheteroaryloxy, 
Cr-Cnaralkyl, C7-C„aralkyloxy, C 6 -C 10 heteroaralkyl f C 8 -Cnaraikenyl, CrC 10 heteroaralkenyl, 
primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydr- 
azide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R sl is hydro- 
gen, M y , C r C 12 alkyl, C^-C^alkenyl, C3-C,2cycloalkyl, CrCiiheterocycloalkyl, C6-C 10 aryl, 
C 5 -C 9 heteroaryl, Cr-Cnaralkyl or C 6 -C 10 heteroaralkyl, R^ is hydrogen, C r C 12 alkyl, 
C2-C 12 alkenyl, C3-C 12 cycloalkyl, CrCnheterocycloalkyl, C 6 -C 10 aryl f CrCgheteroaryl, 
C7-C 1t aralkyl or C 6 -C 10 heteroaralkyl, and R s2 and B20 are hydrogen, C r C,2alkyl, 
Cg-Czalkenyl, C3-C 12 cycloalkyl, C3-C 12 cycloalkenyl, CrCnheterocycloalkyl, Cz-Cn-hetero- 
cycloalkenyl, C6-C 10 aryl, C5-C 9 heteroaryl, C7-C1, aralkyl, Cg-doheteroaralkyl, C 8 -Cn-aralkenyl 
or C7-C 10 heteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo- 
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, hetero- 
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the 
abovementioned substituents; and y is 1 and M is a monovalent metal or y is 1/2 and M is a 
divalent metal; including their physiologically tolerated salts. 

Preferred aliphatic residues X are linear or branched C^Czo-, preferably C 2 -C 12 - and particu- 
larly preferably CrC 6 alkylene and -alkenylene, C3-C 12 -, preferably Qj-Ce- and particularly 
preferably Cs-Crcycloalkylene and cycloalkenylene, and C r C ir , preferably C3-C7- and par- 
ticularly preferably C 3 -C 5 heterocycloalkylene and heterocycloalkenylene with hetero atoms 
selected from the group of -O-, -S- and -N-. 

The residue X can contain substituents such as OH, halogen, C(0)OR s i, OC(0)Rs4, 
C(0)R& 9 nitro, NH 2 , cyano, S0 3 My, OS0 3 My, NR2oS0 3 M y , C t -C 12 alkyl, Crdzalkenyl, 
CrC^lkoxy, C 3 -C 12 cycloalkyl, C r C 12 cycloalkenyt, CrCnheterocycloalkyl, CrCnhetero- 
cycloalkenyl, C 6 -C 10 aryl, C 6 -C 10 aryloxy, Cs-C 9 heteroaryl, C 5 -C 9 heteroaryloxy, CT-Cnaralkyl, 
C7-C n aralkyloxy, C 6 -C 10 heteroaralkyl, C 8 -Cnaralkenyl, Cy-Cioheteroaralkenyl, primary 
amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, 
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oarbhydrazide. camohydroxamic acid and amidocarbonylamide, where R s1 is hydrogen M y 
C-C^lky,, C^kenyl, C^cydoalkyl. C^.hetemcyc.oa.ky., C6 -C 10 aryl. C s -C^eter* 
aryl, (VCaralkyl or C^ to heteroaralkyl. Rs4 is hydrogen, C-C^lkyl, CCrflkenyl 
CrC.cycloalkyl, C^heterocydoalkyl, (VC 10 a,vl, Cs-C^eteroaryl, CVCaralky. or 
C^oheteroaralkyl. and Rs2 and R. are hydrogen, C,-C 12 alky,, C^.kenyl, Ca-C^cio- 
alkyl. C3-C 12 cycloalkenyl, CVCheterocydoalkyl. CVCn-heterocyctoalkenyl, C,C 10 aryl 
Cs-C.heteroary., CVC„ara.kyl, C 6 -C 10 heteroaralkyl. Ce-C-aralkenyl or (VCoheteroar - 
alkenyl. and alky., alkenyl. alkoxy, cycloaikyl. cyc.oa.keny!, heterocyc.oa.kyl, heterocydo- . 
alkeny., ary,, aryloxy, heteroary., heteroaryloxy, aralky,. ara.ky.oxy, heteroara.ky.. amlkeny, 
and heteroara.keny. in turn are unsubstituted or substituted by one of the abovementbned 
substituents; and y is 1 and M is a monova.ent meta. or y is 1/2 and M is a diva.ent metal. 

In a preferred embodiment of the present invention. X is the residue of a 1,2-diol 
corresponding to formula I. 



H 



H 




(II) 



in which 



R, and R. are. (ndependenoy o, one another, hydrogen, C-Catkyt. ****** 

1 ^ ' 09e,he, ™" h *" 9mUP ' 
ytoe,C r c,,heterocydoal W enearxl(VC,,hete,ocyd M lkenylenewi^ 
selected from the group -O-, -s- and -N-; 

where alky., cyetoaKyt, he.erocyo.oa.ky,. ary,. neteroaryr. arotkyl, haten^tkyt, oycro- 
alMene. cydoalkenytene. heterocydoatKyiene and heterocyctoatkenytene are unsubaatated 

^ " ^ ^ "° m 8,6 <W • - OK Wo- 

<^,,he,erocyck,alkenyl. (VCa*. (VC.anA.xy, C^eroaryl. 
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Cg-Cgheteroaryloxy, Cy-daralkyl, Cy-Cnaralkyloxy, C 6 -Cioheteroaralkyl, Ce-Cnaralkenyl, C7- 
C 10 heteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, 
carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonyl- 
amide, where R s i is hydrogen, M y , C r C 12 alkyl, C2-C 12 alkenyl, C3-C 12 cycloalkyl t QrCnhetero- 
cycloalkyl, C<rC 10 aryl, Cs-Cgheteroaryl, CrCnaralkyl or C 6 -C 10 heteroaralkyl, R s4 is hydrogen, 
d-Ctzalkyl, Cz-C 12 alkenyl, C;rC 12 cycloalkyl, Cz-Cnheterocycloalkyl, C 6 -C 10 aryl, Cg-Cghetero- 
aryl, Cy-Cnaralkyl or C 6 -Ci 0 heteroaralkyl, and R s2 and R 20 are hydrogen, C r C 12 alkyl, 
C r Ci2alkenyl, C3-C 12 cycloalkyl, C<rC, 2 cycloalkenyl, QrCnheterocycloalkyl, C 2 -C ir hetero- 
cycloalkenyl, C6-C 10 aryl, C 5 -C 9 heteroaryl, C7-C1, aralkyl, C 6 -Cioheteroaralkyl, C 8 -Cu-aralkenyl 
or C 7 -C 10 heteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo- 
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, hetero- 
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the 
abovementioned substituents; and y is 1 and M is a monovalent metal or y is 1/2 and M is a 
divalent metal. 

The other substituent in Ri has preferably 1 to 20, more preferably 1 to 16, particularly pre- 
ferably 1 to 12, and especially preferably 1 to 8, C atoms. The other substituent is preferab- 
ly selected from the group consisting of unsubstituted and substituted Ci-C 12 alkyl, 
CrCi^lkenyl, C 3 -Ci 2 cycloalkyl, C3-C 12 cycloalkenyl, C 2 -Cnheterocycloalkyl, C 2 -Cnhetero- 
cycloalkenyl, C6-C 10 aryl, C 5 -C 9 heteroaryl, Cr-Cn aralkyl, C 6 -C 10 heteroaralkyl, C 8 -C 1t aralkenyl 
and Cr-Ctoheteroaralkenyl. The other substituent is particularly preferably substituted 
methyl, or 2-substituted ethyl or cyclohexyl. Examples of suitable substituents are the sub- 
stituents mentioned above in the definition of R 2 , especially OH, halogen (F, CI or Br), carb- 
oxyl, -S0 3 H, C(0)OM y , S0 3 M y , OS0 3 My, NR^SOaMy in which R 20 is hydrogen, Ci-Cualkyl, 
(VC^Ikenyl, C 3 -C 12 cycloalkyl, C 3 -Ci 2 cycloalkenyl, C 2 -Cnheterocycloalkyl, CrCu-hetero- 
cycloalkenyl, C 6 -Cioaryl, Cs-C 9 heteroaryl, CT-Cnaralkyl, C 6 -C 10 heteroaralkyl, Ce-Cu-aralkenyl 
or Cr-Cioheteroaralkenyl, or C r C 12 alkyl, C r C 12 alkoxy, nitro, -NH 2l primary amino with 1 to 
20 C atoms, secondary amino with 2 to 30 C atoms, cyano, Qj-Cscycloalkyl, Qj-Cehetero- 
cycloalkyl, Cs-C 10 aryl, C 3 -C9heteroaryl, C7-Ci 6 heteroaralkyl, where the hetero atoms are 
selected from the group of O, S and N atoms, and carbamide, carbamate, carbhydrazide, 
sulfonamide, sulfonhydrazide or aminocarbonylamide, whose N atoms are unsubstituted or 
substituted by a hydrocarbon group or hydroxy-hydrocarbon group with 1 to 20 C atoms. 
The hydrocarbon groups and heterohydrocarbon groups in turn are unsubstituted or substi- 
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tuted, for example with C^ky., C,-C 6 a.koxy, carboxy., halogen (F, C. or Br), -OH, -CN or 

In a part.cu.ar embodiment of the compounds of the formula ., R, corresponds to a group of 
the formula III, y H 01 



COOFt 



R4 




("I), 



in which 

R 3 is hydrogen or M y ; and 

R.is Cl <; t2 a, M , C 2 -C 12 a.keny., C3-C.cyd0a.ky., C3-C.cyd0a.keny., C^.beterocydoa.ky. 
^nheterocydoalkeny., C^heteroary,, CVC„ara lk y.. CC^eteroaralky, 

Cs-C„ara.keny. or C^ 10 heteroara.keny., which are unsubstituted or substituted by one or 

ZTZ Z Se,6Cted ^ *• 9r ° UP C ° nS,Stin9 °' OH ' ha ' 09en - «BU 
CtQW* n,tro, NH 2 , cyano, S0 3 M„ OSO^, NR^SOaM,. Cl -C 12 a.kyl, ^Ikeny., C r 

C )2 alkoxy. C 3 -C 12 cycloalkyl, C 3 -C 12 cycloalkenyl ( C 2 -C l1 heterocycloalkyl 
^nheterocydoaikenyl. ^ C 6 -C 10 ary,oxy, C^eteroaryl, C^eteroa^oxy, 
o^T <VC,,aralky,0Xy ' C ^oheteroara, M , Ce-C^keny,, C^eteroara.kenyi, 
pnmaryam.no, secondary amino, suffony,, sulfonamide, carbamide, carbamate, su.fon- 
hydraz.de, carbhydrazide, carbohydroxamic acid and aminocarbony.am.de, where R s1 is 
hydrogen, My, C,-C 12 a.ky.. C.C.a.keny., C^ 12 cyc.oa.ky., CVCheterocyc.oa.ky. 
Cs-Coaryl. C^heteroaryl, CVCaralkyl or CVCoheteroaralkyl, R M is hydrogen ' 
C-C^ky., CVC.a.keny,, C 3 -C t2 cyc.oa.ky«, C 2 -C„heterocydoa.ky1. c 6 -C )0 ary,. C^etero- 
aryl. CVC.aralky. or Ce-C^eteroaralkyl, and Rs2 and R* are hydrogen, C,-C 12 alky| 
C 2 -C 12 a.keny., C3-C.cyc.0a.ky., C3-C.cyc.0a.keny., C 2 -C 11 heterocydoa.ky.. C 2 -C„-hetero- 

ZZZ7; ^ Ce-C^eteroara,ky,. Ce-C-ara.keny, 

or (VC 10h eteroara.keny.. and a.ky,. a.keny.. a.koxy, cyc.oa.ky., cydoa.keny., heterocydo- 
a^eterocydoafkeny,. any,, aryloxy, heteroary., heteroary,oxy, araJky.. ara.ky,oxy, hetero- 
a^kyl, ara,keny. and heteroara.keny. in turn are unsubstituted or substituted by one of the 

dt~" S ~^^ 
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For the purposes of the present invention, a metal is to be understood as meaning an alkali 
metal [for example lithium (Li), sodium (Na), potassium (K), rubidium (Rb) and caesium 
(Cs)], an alkaline earth metal [for example magnesium (Mg), calcium (Ca) and strontium 
(Sr)] or manganese (Mn), iron (Fe), zinc (Zn) or silver (Ag). Physiologically tolerated salts 
are to be understood as meaning, in particular, the alkali metal and alkaline earth metal 
salts, for example sodium, potassium, magnesium and calcium salts. Sodium and 
potassium ions and their salts are preferred. 

Halogen is to be understood as meaning a representative of the group consisting of 
fluorine, chlorine, bromine and iodine. Fluorine, chlorine and bromine are preferred, 
especially fluorine and chlorine. 

Alkyl can be linear or branched, preferably branched once or twice in the a position. Some 
examples of alkyl, which preferably contains 1 to 12 C atoms, are methyl, ethyl and the 
isomers of propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and dodecyl. 
Preferred alkyl groups are methyl, ethyl, n- and i-propyl, n-, i- and t-butyl. 

Examples of alkenyl are allyl, but-1-en-3-yl or -4-yl, pent-3- or 4-en-1-yl or -2-yl, hex-3- or -4- 
or -5-en-1-yl or -2-yl and (C r C 4 alkyl)CH=CH-CH 2 -. 

Cycloalkyl and cycloalkenyl can contain preferably 5 to 8 and particularly preferably 5 or 6 
ring carbon atoms. Examples of cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclo- 
hexyl, cycloheptyl, cyclooctyl, cyclononyl, cyclodecyl, cycloundecyl and cyclododecyl. Cyclo- 
hexyl is a particularly preferred cycloalkyl group. Examples of cycloalkenyl are cyclopropen- 
yl, cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl, cydononenyl, 
cyclodecenyl, cycloundecenyl and cyclododecenyl. Cyclohexenyl is a particularly preferred 
cycloalkenyl group. 

Examples of alkylene are ethylene, 1,2-propylene, 1 ,2- or 2,3-butylene, 1,2- or 2.3- 
pentylene, 1 ,2-, 2,3- or 3,4-hexylene. Examples of cycloalkylene are 1 ,2-cyclopropylene, 
1 ,2-cyclobutylene, 1,2-cyclopentylene, 1 ,2-cyclohexylene, 1 ,2-cycloheptylene and 1,2-cydo- 
octylene. Examples of heterocycloalkylene are pyrrolidinylene, piperidinylene, tetrahydro- 
furanylene, di- and tetrahydropyranylene. 
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Example, of heterocyclic are derived Irom pynolidine, imidazoline. oxazCidine 
pyrezolidine. p,peddi„e, p ipera2 | ne and mowhMm Examp , es o( heterocyc|oal ' 
denved from 2- and a^rroflne, oxazoline, 2- aad ■Hmidazoi.te and 2- and ^yrezoline. 

For the purposes „, me present ajy , „ fe ^ ^ ^ 

or a brcycle consist of two condensed slx . or ^^.^ ^ „ ^ 1 
and one remembered „ng, and In the case of hetereaty! one or more C afoms may be 
repbced, ,ndependen«y of one anome,. by an afom setecfed trom me gtoup censing 0( 
oxygen, ntttogen and sadur. Examples are denved frem benzene, naphthalene, indene 
fumn, pymae. pyra^, lraidaMte , ^ ^ ^ ■ 

«•»*. oxaolazce. ttiazole, Indale. indazole. pudne, benzWdazele, benzoxazola. be^c- 
«*^.P^ Py«-.ne. btazfne, pydmknne. pyrazlna. isoqu^e, cmncfc, 

phtoatana. gu,no«ne, q u,nazo,ine, plerdine, benzodiazme or gulnoxaline. A^f Is preferably 
"** and pbeny,. Phenyl fs pardculady preferred. Heteroa* is prefer ^ 
pyndinylandpyrimidinyl. y " 

tan 1 o 6. Examples are benzyl, phenyUMhy, or phenylpropyl. Benzyl and 2-phenylethyl 
N^SO^ m wh,ch R a is Mrogcn , 

CrC.rcycloalkenyl, C^heterocydoalkyl, r^u-deterecycloaJIreny., c^ry, 
afkanyl, and MO, CCpnmaty amino. rVf^secondao, amino, amino and CN. 
Heteroaralky, and heteroaralxeny, are preferably C^ete^rylmefhyl and C^hefem- 
comprise the abovementioned heteroaryl residues. 

AKoxy can be linear or branched, preferably branched once o, twice in the a position So™ 
-mp.es „, alKoxy. which preferably contains , to ,2 C atoms, are methoxy. emoxy and 

7JZ2 bu,oxy ' pa,,ox * hexoxy ' hepto * «*» — » — »■ «<~ 

oxy and dodeooxy. Preferred alkoxy groups are methoxy and ethoxy 
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Examples of aryloxy and aralkoxy are phenoxy and benzyloxy. Heteroaryloxy is preferably 
furanyloxy, pyridinyloxy and pyrimidinyloxy. 

The primary amino preferably contains 1 to 12, particularly preferably 1 to 6, C atoms. 
Some examples are methyl-, ethyl-, hydroxyethyl-, n- or i-propyl-, n- f i- or t-butyl-, pentyl-, 
hexyl-, cyclopentyl-, cyclohexyl-, phenyl-, methylphenyl-, benzyl- and methylbenzylamino. 
The secondary amino preferably contains 2 to 14, particularly preferably 2 to 8, C atoms. 
Some examples are dimethyl-, diethyl-, methylethyl-, di-n-propyl-, di-i-propyl-, di-n-butyh 
diphenyl-, dibenzylamino, morpholino, piperidino and pyrrolidino. 

NH 2t primary amino, secondary amino, carbamide, carbamate, carbhydrazide, sulfonamide, 
sulfonhydrazide and aminocarbonylamide preferably correspond to a group 
R8C(0)(NH) P N(R 9 )-, -C(0)(NH) p NR 8 R 9f R 8 OC(0)(NH) p N(R 9 )-, R 8 R4oNC(0)(NH) p N(R 9 )-, 
-OC(0)(NH) p NR 8 R 9 , -N(R4o)C(0)(NH)pNR 8 R 9t R 8 S(0) 2 (NH)pN(R 9 )-; -S(0) 2 (NH) P NR 8 R9; 
R 8 R 40 NS(O) 2 N(R 9 )- or -NR4oS(0) 2 NR 8 R 9 , in which R 8 , R 9 and R40 are, independently of one 
another, hydrogen, OH, d-C 12 alkyl, d-d 2 alkenyl, C 3 -C, 2 cycloalkyl, C3-C 12 cycloalkenyl, 
CVCuheterocycloalkyl, d-Cnheterocycloalkenyl, C 6 -C 10 aryl, d-dheteroaryl, d-dearalkyl, 
Cs-Ciearalkenyl with C 2 -C 6 alkenylene and d-doaryl, C 6 -C 15 heteroaralkyl, C 6 -C 15 heteroar- 
alkenyl, or di-Ce-C^aryl-Ct-Ce-alkyl, or Re-R ff N in which Re- and Rg- are, independently of one 
another, hydrogen, OH, S0 3 My, OS0 3 My, C,-C 12 alkyl, C 3 -C 12 cycloalkyl, C 2 -dihetero- 
cycloalkyl, C6-C 10 aryl, C 5 -dheteroaryl, Crdiaralkyl, C 6 -C 10 heteroaralkyl, C 8 -C 16 aralkenyl 
with C 2 -C 6 alkenylene and C6-C 10 aryl, or di-d-doaryl-CrCe-alkyl, which are unsubstituted or 
substituted by one or more substituents selected from the group consisting of OH, halogen, 
C(0)OR s1 , OCfOJR^, C(0)R s2 , nitro, NH 2 , cyano, S0 3 My, OS0 3 M y , NRzoSOaMy, d-C^alkyl, 
C2-C 12 alkenyl, d-d 2 alkoxy, C 3 -C 12 cycloalkyl, Ca-dacycloalkenyl, d-diheterocycloaikyl, d- 
Cnheterocycloalkenyl, C«rdoaryl t C6-C 10 aryloxy, Cs-dheteroaryl, Cs-Cgheteroaryloxy, d- 
Cnaralkyl, Cy-Cnaralkyloxy, d-doheteroaralkyl. d-Ci t araIkenyl, d-Ctoheteroaralkenyl, 
primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, 
sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R s1 
is hydrogen, M y , d-dzalkyl, d-Ci^lkenyl, C 3 -C 12 cycloalkyl, d-C t1 heterocycloalkyl, 
drC 10 aryl, C 5 -C 9 heteroaryl, d-Ciiaralkyl or C<rdoheteroaralkyl, R^ is hydrogen, 
d-C 12 alkyl, C 2 -C 12 alkenyl, C 3 -C 12 cycloalkyl, d-diheterocycloaikyl, d-doaryl, C 5 -dhetero- 
aryl, d-d^ralkyl or drdoheteroaralkyt and R^ is hydrogen, d-d^lkyl, C 2 -C 12 alkenyl t 
d-Ci2cycloalkyl, d-dzcycloalkenyl, C 2 -diheterocycloalkyl, drdi-heterocycloalkenyl, 
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° r ^ — a* tetiamett.yfene, penlam6thyle(K ~ °' " 
C,-C, ! alM.C 1 <!^ y c to alkyl.C 2 .C, 1 hete ro cycloalkyl CrCam . Wt "° hR "" S 

7^^^ W c^ g0fO H, 1 ^. C(O ^^; r 7 oi 7 ttu - 

mtro, NH 2 , cyano SO,M. n<sn m m q o« v 7 " s1 * ^-MUJRm, 0(0)1^, 

CrCnarvl r J „ 12 ^° a,kenyl ' ^I'heterocycloalkyl, CrCnheterocycloalkenyl 
^VCoaryl, C^ 10 aryloxy, C^heteroaryl. C^teroarvfoxv Cr-C JZ r Tl 

i— a», M . hate™,*. araken , SSI T 

by one „ *e above™„„o„ed sl4)ailum|s . ^1 M ^ °' 

"»<ai or y is 1/2 and M is a M. meta ,. ^is, and y is 1 and M is a monovatem 

Preferred compounds of ^ ^ , „ ^ 
S-oupofmefonnulaUin^iCfUandR, os »'«»*Xconesponds l oa 
(a) are unsubslituted or substituted b» r ^- j.ii/,.1 < 

oxy. to, exampie metooxy, eC — * "* " ^ 
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(b) are, together with the group -CH-CH-, a 5- to 8-membered carbocycle, and particularly 
preferably, a 5- or 6-membered carbocycle, and are very particularly preferably 

R,R-1 ,2-cyclohexylene; 

(c) are, together with the group -CH-CH-, a 5- to 8-membered heterocarbocycle, and parti- 
cularly preferably a 5- or 6-membered heterocarbocycle with nitrogen as hetero atom, and 
are very particularly preferably R f R-3,4-piperidylene; 

(d) are, independently of one another, hydrogen, unsubstituted d-d 2 alkyl or (VCiaalkyl 
which is substituted by a substituent selected from the group consisting of -C(0)OR s1 , 
-00(0^34, -C(0)ONa or -C(0)OK, primary amino, secondary amino, C 3 -C 12 cycloalkyl, 
Ct-Cealkoxy, phenyloxy and bejizyloxy; unsubstituted C 3 -Ci2cycloalkyl or C 3 -C 12 cycloalkyl 
which is substituted by a substituent selected from the group consisting of -C(0)OR s1 , 
-OCfOJR,*, -C(0)ONa or -C(0)OK, primary amino, secondary amino, d-dalkyl, d-dalk- 
oxy, phenyloxy and benzyloxy; C 6 -doaryl which is unsubstituted or substituted by 
-C(0)OR s1 , -0C(0)Rs4, -C(0)ONa or -C(0)OK, primary amino, secondary amino, d-dalkyl 
or Ci-C 6 alkoxy; C 3 -C 9 heteroaryl with 1 or 2 hetero atoms selected from the group consisting 
of oxygen and nitrogen atoms; or CrC 12 aralkyl which is unsubstituted or substituted by 
-C(0)OR s1f -0C(0)Rs4, -C(0)ONa or -C(0)OK, primary amino, secondary amino, d-dalkyl 
or C-Cealkoxy; 

(e) are, together with the group -CH-CH-, a 5- to 12-membered carbocycle or 5- or 6-mem- 
bered heterocarbocycle with a hetero atom selected from the group consisting of oxygen 
and nitrogen atoms; or 

(f) are, together with the -CH-CH- group, CsO^cloalkylene, C 4 -Ci2cycloalkenylene, 
C2-Cnheterocycloalkylene and d-diheterocycloalkenylene with hetero atoms selected 
from the group of -O-, -S- and -N-; 

where cycloalkylene, cycloalkenylene, heterocycloalkylene and heterocycloalkenylene are 
unsubstituted or substituted by one or more substituents selected from the group consisting 
of OH, halogen, C(0)OR s1 , OC(0)Rs4, C(0)R& t nitro, NH 2i cyano, SQ*M y , OS0 3 My, 
NR2oS0 3 My, Ct-C^lkyl, d-d^lkenyl, d-d^lkoxy, d-d 2 cydoalkyl, C3-C 12 cycloalkenyl, 
d-Ciiheterocydoalkyl, C 2 -diheterocydoalkenyl, d-doaryl, C<rdoaryloxy, Cs-dheteroaryl, 
Qrdheteroaryloxy, OHSnaralkyl, d-dtaralkyloxy, d-doheteroaralkyl, C 8 -d,aralkenyl, Cr 
Cioheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, 
carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and amino- 
carbonylamide, where R s , is hydrogen, M y , C r C 12 alkyl, Ca-d^lkenyl, Cs-C^cloalkyl, 
C^Cnheterocycloalkyl, C 6 -C 10 aryl, C 5 -C 9 heteroaryl, Cy-daralkyl or C 6 -doheteroaralkyl, R^ 
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Cnheterocydoalkyl, Ce-Cioaryl, Cs-Cgheteroaryl, C 7 -C t1 aralkyl or C 6 -C 10 heteroaralkyl, is 
hydrogen, d-C^lkyl, C 2 -Ci2alkenyl, C 3 -C 12 cycloalkyl, Ca-Cnheterocycloalkyl, C 6 -Cioaryl, 
C 5 -C 9 heteroaryl, Cr-Cnaralkyl or C 6 -Ci 0 heteroaralkyl, is hydrogen, Ct-C 12 alkyl, 
C 2 -C 12 alkenyl, C 3 -Ci2cycloalkyl, QrCzcycloalkenyl, Cz-Cheterocycloalkyl, C 2 -C t1 hetero- 
cycloalkenyl, Ce-Ci 0 aryl, C 5 -C 9 heteroaryl, CVCuaralkyl, C<rCi 0 heteroaralkyl, Ce-Cu-aralkenyl 
or C 7 -C 10 heteroaraikenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycioalkenyl, heterocyclo- 
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, heteroaralkyl, ar- 
alkenyl and heteroaralkenyl as substituents in turn are unsubstituted or substituted by one 
of the abovementioned substituents; p is 0 or 1 and y is 1 and M is a monovalent metal or y 
is 1/2 and M is a divalent metal. 

R 8 and R 9 are, in particular, independently of one another hydrogen; Ci-C 12 alkyl; 
C3-C 12 cycloaikyl, C 6 -Cioaryl, Cr-C 16 aralkyl with 1 to 6 C atoms in the alkylene group and 
Ce-Cioaryl, Ce-Ci 6 aralkenyl with C2-C 6 alkenylene and Ce-C 10 aryl, or di^ 6 -C,oaryl-C,-C6-alkyl, 
for example diphenylmethyl or 2,2-diphenylethyl, where R 8 and R 9 are unsubstituted or sub- 
stituted by one or more substituents selected from the group consisting of OH, halogen, 
COOH, C(0)OM y , C t -C 12 alkyl, d-Cealkoxy, C 6 -C 10 aryl, Ce-C 10 aryloxy, S0 3 My, OS0 3 My, 
NR 20 SO 3 My, N0 2 , amino, primary amino, secondary amino and CN, R20 is hydrogen, 
Ci-C 12 alkyl, C2-C 12 alkenyl, C 3 -C 12 cycloalkyl, C;rC 12 cycloalkenyl, C^-Cuheterocycloalkyl, 
C2-C ir heterocycloalkenyl, C 6 -C t0 aryl, C 5 -C 9 heteroaryl, CT-Cnaralkyl, C 6 -C 10 heteroaralkyl, 
Cs-Cn-aralkenyl or C 7 -Ci 0 heteroaralkenyl, and y is 1 and M is a monovalent metal or y is 1/2 
and M is a divalent metal. 

R10 corresponds, in particular, to C r C 12 alkyl; CaOi^cloalkyl, C 6 -C 10 aryl, C7-C 16 aralkyl with 
1 to 6 C atoms in the alkylene group and C6-C 10 aryl, Ce-Cearalkenyl with (VCealkenylene 
and C 6 -C 10 aryl, or di-Ce-Cioaryl-C r C 6 alkyl, for example diphenylmethyl or 2,2-diphenylethyl, 
which are unsubstituted or substituted by one or more substituents selected from the group 
consisting of OH, halogen, COOH, C(0)OMy, d-C^lkyl, d-Cealkoxy, Ce-Cioaryl, S0 3 My, 
OS0 3 My, NR2oS0 3 M y , N0 2 , amino, primary amino, secondary amino and CN; where R*, is 
hydrogen, d-C 12 alkyl, C r Ci 2 alkenyl, C 3 -Ci2cycloalkyl, (VC 12 cycloalkenyl, d-Cnhetero- 
cycloalkyl, drdi-heterocycloalkenyl, Ce-Cioaryl, C 5 -Cgheteroaryl, d-Cuaralkyl, 
Ce-Cioheteroaralkyl, C 8 -Cu-aralkenyl or C^Cioheteroaralkenyl, and y is 1 and M is a 
monovalent metal or y is 1/2 and M is a divalent metal. 
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Furthermore, R, 0 is preferably CC*.kyl; C^^cloalkyl, Ce-C I0 ary., Cr C ie ara.ky. with 1 
to 6 C atoms in the alkylene group and C^ 10 ary., which are unsubstituted or substituted by 
one or more substituents selected from the group consisting of OH, halogen, carboxy. 
TO, CC^Ikyl, C-Calkoxy, C-Coary,, S0 3 M,. n«ro, amino, primary amino, secon- 
dary amino and cyano; or CVC t6 aralkenyl with C-Calkenylene and C 6 -C 10 aryl, or 
di-CCoary.C-Ca.kyl, for example diphenylmethyl or 2,2-dipheny.ethyi 

in a preferred subgroup of compounds, R 5 and R 6 are, together with the -CH-CH- group 
C3-C 12 cydoalkylene or CeC.heterocydoalkvlene with nitrogen as hetero atom- 
where cycloalkylene and heterocycloalkylene are unsubstituted or substituted by one or 
more substituents selected from the group consisting of OH, C(0)OR s1 , OC(0)R„ C(0, Rs2 
C,J °^' ^ ****** RaS(0) 2 N(R 9 )-; R 8 OC(0, N(R 9 )- and R^SQ, ' 
.n whi* R 9 is hydrogen and R 8 is C-C 12 a.ky., c^ or CC,ara.kyi, which are unsub -' 
stituted or substituted by one or more CC^koxy; R 10 is CC^ky., CCoaryl or 
C-C„a ra .ky, which are unsubstituted or substituted by one or more CCrflky.; R sl and Rs4 

a! fT ^ ^ fe C, " C,2alky1, °^^ k ^ Ca^cydoalky, « «d 
*#. cyc.oa.keny., cycloalky. and ary. as substituents in turn are unsubstituted orsubstitu- 

ted by .one or more substituents selected from the group consisting of OH, C(0)OR sr and 
OC(0) Rs4 . where R sr is M, or Cl -C 12 alkyl and Rs4 . is CC*lkyl; y is 1 and M is a mono- 
valent metal or y is 1/2 and M is a divalent metal. 

Particularly preferred compounds within this group are those in which R 5 and Re are to- 
gether with the -CH-CH- group, cydohexylene. 

Another subgroup of preferred compounds are those compounds in which R s and R, are to- 
gether with -CH-CH- group, piperidylene. 

Partfcularty preferred compounds are those in which R 5 and R 6 are, together with the 
OH-CH- group, piperidylene; where the hetero atom is unsubstituted or substituted by a 
substJtuent selected from the group consisting of C(0)OR s1 . C(0, Rs2 , CfOJNReRg, NH 2 , 
SCM, CCalky., C-Crf.keny., CC^koxy, C3-C3cyc.oa.kyl, C3-C.cyc.0a.keny. 
C^„heterocyc.oa.ky.. C-C 1 heterocyc.oa.kenyi, C-Coaryl, CCoaryloxy, Cs-Cheteroary. 
C^eteroary.oxy, CVCaralky,, CC.ara.ky.oxy, C^heteroaralkyl, CVCara.kenyi. C 
Coheteroaralkenyl. primary amino, secondary amino, sulfonyl, sulfonamide sul- 
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fonhydrazide; and one or more C atoms of the ring are unsubstituted or substituted by one 
or more substituents selected from the group consisting of OH, OC(0)Rs4, NH 2 , OS0 3 My 
NR2oS0 3 My, C r C 12 alkoxy, CVCioaryloxy, C 5 -C 9 heteroaryloxy, Cy-Cnaralkyloxy, primary 
amino, secondary amino, sulfonamide, carbamide, carbamate, sulfonhydrazide, 
carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R 81 is hydrogen, M y , 
Ci-C 12 alkyl, C 2 -Ci2alkenyl, Ca-C^cycloalkyl, Ca-Cnheterocycloalkyl, C 6 -Cioaryl, C 5 -C 9 hetero- 
aryl, C7-Cnaralkyl or C 6 -C t0 heteroaralkyl, is hydrogen, Ct-C^lkyl, C 2 -C 12 alkenyl, C3- 
Ci^cloalkyl, C 2 -Ci iheterocycloalkyl, Ce-Cioaryl, C«rC 9 heteroaryl, Ct-C, iaralkyl or C<r 
C 10 heteroaralkyl, R 8 and R 9 are, independently of one another, hydrogen, OH, Ct-Ci^lkyl, 
CrCi^ycloalkyl, C^nheterocycloalkyl, C 6 -Cioaryl, C 5 -C 9 heteroaryl, C7-Ci 6 aralkyl, Ce- 
Cisheteroaralkyl, C 8 -Ci 6 aralkenyl with QrCealkenylene and C 6 -C 10 aryl, or di-Ce-Cioaryl-Ci- 
Ce-alkyl, or R 8 and R 9 together are tetramethylene, pentamethylene, -(CH 2 )2-0-(CH 2 )2-, - 
(CH 2 ) r S-(CH 2 )2- or -(CH^NRHCH^-, and R 7 is H f d-Cealkyl, C7-C1 ,aralkyl, C{0)R& or 
sulfonyl; and R^ and R*, are hydrogen, Ci-C 12 alkyl, C 2 -C 12 alkenyl, C 3 -Ci 2 cycloalkyl, 
Ca^zcycloalkenyl, C 2 -Cnheterocycloalkyl, Qrdi-heterocycloalkenyl, Ce-Cioaryl, 
C 5 -C 9 heteroaryl ( C7-Cnaralkyl, Cg-Cioheteroaralkyl, Cs-Cn-aralkenyl or (VCioheteroar- 
alkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl, 
heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl, 
aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the 
abovementioned substituents; and y is 1 and M is a monovalent metal or y is 1/2 and M is a 
divalent metal. 

Particularly preferred compounds are those in which R 5 and R 6 are, together with the 
-CH-CH- group, piperidylene; where the hetero atom is unsubstituted or substituted by a 
substituent selected from the group consisting of C(0)OR s1l CfOJR^, -C(0)NR8R 9 and 
Rio-S0 2 - and one or more C atoms of the ring are unsubstituted or substituted by one or 
more substituents selected from the group consisting of OH, NH 2t R 8 S(0) 2 N(R 9 )-; 
R 8 C(0)N(R 9 )- and R 8 OC(0)N(R 9 )-, where R 9 is hydrogen and R 8 is Ci-Ci 2 alkyl, C 6 -Cioaryl or 
CT-Cnaralkyl, where alkyl, aryl and aralkyl are unsubstituted or substituted by one or more 
C r Ci 2 alkoxy; R 10 is Ci-C 12 alkyl, C<rC 10 aryl or (VCuaralkyl which are unsubstituted or sub- 
stituted by one or more C t -C 12 alkyl; R sl is Ci-C 12 alkyl and R^ is d-C^alky!, Ca-Cigcyclo- 
alkenyl, C3-Ci 2 cycloalkyl or Ce-Ci 0 aryl ( and alkyl, cycloalkenyl, cycloalkyl and aryl as substi- 
tuents in turn are unsubstituted or substituted by one or more substituents selected from the 
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group consisting of OH, C(0)OR sr and OC(0, Rs4 . where R is u „ r ^ 

s f w.tn«,e-CH-CH- W.roe«IWen e; which teun^^.,^.,,,, "* 
"-ore stents seiecfcd (rom ffie Jraup «*•«- * c™ 
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C 3 -C 12 cycloalkyl; C 3 -Ci 2 cycloalkyl which is substituted by one or more substituents selected 
from the group consisting of C 3 -Ci 2 cycloalkyl, C r C 6 alkyl, d-Cealkoxy, d-dssulfonyl, 
phenyloxy and benzyloxy; Crdoaryl; d-Cgheteroaryl with 1 or 2 hetero atoms selected 
from the group consisting of oxygen and nitrogen atoms; C7-Ci 6 aralkyl with Ci-C 6 alkyl and 
Ce-doaryl; d-deheteroaralkyl with d-Cealkyl and C 3 -Ci 0 heteroaryl with 1 or 2 hetero atoms 
selected from the group consisting of oxygen and nitrogen atoms and a total of 3 to 5 
carbon atoms; C 6 -d<>aryl, C 3 -C 9 heteroaryl with 1 or 2 hetero atoms selected from the group 
consisting of oxygen and nitrogen atoms, Crdearalkyl with d-C 6 alkyl and Ce-doaryl, 
Cs-Cieheteroaralkyl with C r C 6 alkyl and C 4 -Ci 0 heteroaryl with 1 or 2 hetero atoms selected 
from the group consisting of oxygen and nitrogen atoms and a total of 3 to 5 carbon atoms, 
which are substituted by one or more substituents selected from the group consisting of 
OH, halogen, d-dasulfonyl, carboxyl, C(0)OM y , Ci-C 12 a1kyl, Ci-C 6 alkoxy, C 6 -Cioaryl, 
S0 3 M y , OS0 3 My, NRzoSOsMy in which R20 is hydrogen, Ci-C 12 alkyl, CrCi^lkenyl, 
d-dacycloalkyl, <^C 12 cydoalkenyl, C 2 -Cnheterocycloalkyl, d-Cii-heterocycloalkenyl, 
Ce-doaryl, C 5 -C 9 heteroaryl, d-Cnaralkyl, C 6 -Ci 0 heteroaralkyl, Crdi-aralkenyl or 
C7-Cioheteroaralkenyl, and nitro, NH 2 , primary amino, secondary amino, carbamide, carb- 
amate, sulfonamide and cyano, in which y is 1 and M is a monovalent metal or y is 1/2 and 
M is a divalent metal, or 

(b) Ct-Ci^lkyl or C 7 -Cnaralkyl which are unsubstituted or substituted by one or more substi- 
tuents selected from the group consisting of OH, halogen, C(0)OR s1 , OC(0)Rs4, CJOJR^, 
nitro, NH 2 , cyano, S0 3 My, OS0 3 My, NR^SO^y, C r C 12 alkyl, C 2 -C 12 alkenyl l d-C 12 alkoxy, 
d-dacycloalkyl, Cs-dj^cycloalkenyl, d-diheterocycloalkyl, drdiheterocycloalkenyl, 
Ce-doaryl, Ce-Cioaryloxy, Cs-dheteroaryl, Cg-Cgheteroaryloxy, d-Ciiai-allcyl, C7-diaralkyl- 
oxy, d-doheteroaralkyl, Ca-Cnaralkenyl, C7-C 10 heteroaralkenyl, primary amino, secondary 
amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, carbhydrazide, 
carbohydroxamic acid and aminocarbonylamide, where R s i is hydrogen, M y , d-C^alkyl, dr 
C t2 alkenyl, C 3 -Ci 2 cycloalkyl, d-Cuheterocycloalkyl, C 6 -C 10 aryl, Cs-Cgheteroaryl, d- 
Caralkyl or C 6 -Ci 0 heteroaralkyl, R^ is hydrogen, Ci-C 12 alkyl, drC 12 alkenyl, d-Ci2cyclo- 
alkyl, d-Cnheterocycloalkyl, drCioaryl, C 5 -dheteroaryl, d-Cnaralkyl or 
C 6 -Cioheteroaralkyl and R^ and R^ are hydrogen, d-C^alkyl, CrCi^lkenyl, Qrdjjcyclo- 
alkyl, d-C t2 cycloalkenyl, d-Cnheterocycloalkyl, C 2 -Cn-heterocycloalkenyl, drdoaryt, 
C 5 -C 9 heteroaryl, Cr-Cnaralkyl, C 6 -doheteroaralkyl, C 8 -Cu-aralkenyl or d-doheteroar- 
alkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocyclo- 
alkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl, aralkenyl 
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and heteroaralkeny, in turn are unsubstituted or substituted by one of th, »h 
substituents; and y is 1 and M k a m , 6 abovem entioned 

d y is 1 and M is a monovalent meta. or y is 1/2 and M is « divalent metaJ 

R 3 in formula III is preferably hydrogen. K or Na. 

The flowing preferenoes apply to the group (a) of meanings for R, 

Phenyl. part i culariy preferab| *«* - W are naphthy. and 

6. in particular benzyl and 2-pheny,ethv. w2 R ^ " t0 3 ""^ fr0m 1 10 
a.-withoneortwoheteroar:™^ 

pynmldiny, are preferred. R» as heteroaraj, is P JrZc^ ^' ^ 

two hetero atoms from the group of O and N L ^^methyi with one or 

abovemen^onedheteroary,^ ^ PO - ble ^ ^1 to oompn^e the 

preferred graups for fL in thkc- " M and G* 5 ""* Particularly 

y w-^araikyl, CVC^eteroaralkyl. CVC-aralkenyl 
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or C r C 10 heteroaralkenyl, and -S0 3 Na. C,-C 4 alkyl, C t -C 4 alkoxy and phenyl, and R 9 is H, 
Ci-C 10 alkyl, phenyl, naphthyl, benzyl. 2-phenylethyl or phenyl-CH=CH-CH2-, and p is 0 or 1 . 

Within group (a), a carbamido-substituted alkyl substituent for R 4 particularly preferably 
means Ra-CfOJNRg-fCHak-, where n is 1 or 2, Rs is hydrogen; C,-C, 2 alkyl; C3-C 12 cycloalkyl; 
C 6 -C,oaryl or C7-C, 6 aralkyl with Ci-C 6 alkyl and Ce-Cioaryl; wherein alkyl, cycloalkyl, aryl and 
aralkyl are unsubstituted or substituted by one or more substituents selected from the group 
consisting of OH, halogen, carboxyl, -C(0)OM y , C,-C 12 alkyl, C-Cealkoxy, Ce-C 10 aiyl, SOgMy, 
OS0 3 My, NRzoSOaMy, C(0)OR s1 , OC(0)Rs4, nitro, amino and cyano; or C 8 -C 16 aralkenyl with 
CrC 6 alkenyl and Ce-C 10 aryl or di-Ce-C^iyhCi-Cealkyl; and R 9 is H, linear or branched 
C,-C 10 alkyl, C5- or Cecycloalkyl, C s - or C 6 cycloalkylmethyl- or -ethyl, phenyl, naphthyl or 
benzyl, 2-phenylethyl or phenyl-CH=CH-CH 2 -; y is 1 and M is an alkali metal or y is 1/2 and 
M is an alkaline earth metal, R 20 is hydrogen, C,-C 12 alkyl, C 2 -C 12 alkenyl, CyCzcycloalkyl, 
C 3 -C 12 cycloalkenyl, C 2 -Cnheterocycloalkyl, C 2 -C„-heterocycloalkenyl, C6-C 10 aryl, 
Cs-Csheteroaryl, C7-C„aralkyl, C 6 -C 10 heteroaralkyl, Ca-Cn-aralkenyl or Cr-Cioheteroar- 
alkenyl, R s1 is hydrogen, My, C,-C 12 alkyl, C 2 -C 12 alkenyl, C3-C 12 cydoalkyl, Crdheterocyclo- 
alkyl, C 6 -C 10 aryl, Cs-C 9 heteroaryl, C7-C„aralkyl or C<rC,oheteroaralkyl and R^ is hydrogen, 
C,-C 12 alkyl, C2-C 12 alkenyl, C3-C 12 cycloalkyl, Cz-Cnheterocycloalkyl, CVCoaryl, Cs-Cshetero- 
aryl, C7-Cuaralkyl or Ce-doheteroaralkyl. A sulfonamide-substituted alkyl substituent for R, 
particularly preferably means R 8 -S02NR 9 -(CH 2 ) n - in which Ra, R 9 and n have the meanings 
indicated previously for carbamido. An aminocarbonylamide- or carbamate-substituted alkyl 
substituent for R, particularly preferably means R 9 NHC(0)NH(CH 2 ) n or R 9 OC(0)NH(CH 2 )„ in 
which R 9 has the meanings indicated in previously in connection with carbamido and addi- 
tionally phenyl and n has the meanings indicated previously in connection with carbamido. 
A caibhydrazido-substituted alkyl substituent for R, particularly preferably means 
RaC(0)NHNR 9 (CH 2 ) n - in which R 8 , R 9 and n have the meanings indicated previously in con- 
nection with carbamido. A sulfonhydrazido-substituted alkyl substituent for R, particularly 
preferably means R8-S0 2 -NHNR9-(CH 2 ) n - in which Ra, R 9 and n have the meanings indica- 
ted previously in connection with carbamido. 

Further particularly preferred compounds are those in which R 4 in formula III is an amide 
R 8 C(0)N(R 9 )(CH 2 ) n - or RaS(0) 2 N(R 9 )(CH 2 )„-; where R 8 and R 9 are, independently of one an- 
other, hydrogen; unsubstituted C,-C 12 alkyl; Ci-Ci^lkyl which is substituted by one or more 
substituents selected from the group consisting of OH, halogen, carboxyl, C(0)ONa, 



WO 97/01569 

PCT7EP96/02785 

-20- 

C,-C 12 alky|. C-Cealkoxy, C 6 -C 10 a,yl. -SO3H, OSOJga NR so m 

unsubstituted C 3 ^ I2 cycloalkvl- C -C ^ ' 1 nitro and cyano; 

ted Ce-Coary,, unsubstituted CVC 12 aralky| with C-Ceaiky. and ^ r o 

C,-C 12 alkyl,C,-C 6 alkoxy.C 6 -C 1() a^.S03Na OS0 3 Na NR *nL ^ Na ^ (0)OK 
~noandcyano,R^^ 

aft*. CVCa^,, C^ateroa,,,, c-CaraW or cJc IT^T C ^" hete, «>*- 
•Ol or CVChetoroaraUC; and n Is 2 or 1 ^"" er0 - 

sistrng of OH, halogen, C(0)ONa and C -C ^ „ 9r ° Up °° n - 

the group consisting of halogen, -c< 0) oh aorol.7 " '" l ' en ' S Seleoted " m 

^i^cloalkyl.Ca-C^cloalkenvi „ . v "^ ,2alk y | ' CrC^lkenyl, 

Cr-C*,eroara, k a„» « •* - 
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one or more substituents selected from the group consisting of halogen, C(0)ONa ( 
-C(0)OH, C r C 6 alkyl, d-Cealkoxy, phenyl, -S0 3 H, S0 3 Na, OS0 3 Na, NHS0 3 Na, nitro and 
cyano; or d-Ciearalkyl with d-C 6 alkyl and Ce-Cioaryl, and R 9 is hydrogen; unsubstituted 
C,-C 6 alkyl, unsubstituted d-Ciearalkyl with d-C 6 alkyl and C 6 -Ci 0 aryl; or C 8 -Ci 6 aralkenyl 
with C2-C 6 alkenyl and Ce-doaryl, and n is 2 and preferably 1 . 

Further particularly preferred compounds are those in which R 4 in formula III is an amide 
RaCfOJNfRjjHCHzJrr, where R 8 is unsubstituted d-C^lkyl, C,-C 4 alkyl which is substituted by 
one or more substituents selected from the group consisting of OH, halogen, C(0)OH, 
C(0)ONa and phenyl; unsubstituted C 3 -C 12 cycloalkyl, in particular C 6 H 1t ; d-Cizcycloalkyl 
which is substituted by one or more OH, unsubstituted C6-C 10 aryl, in particular C 6 H S or 
Ci 0 H 7 ; Ce-Cioaryl which is substituted by one or more substituents selected from the group 
consisting of halogen, -C(0)OH, C(0)ONa, d-Cealkyl, Ci-C 6 alkoxy, -S0 3 H, S0 3 Na, 
OS0 3 Na, NHS0 3 Na, nitro and cyano, in particular C 6 H 4 CI, 06^(3,4)01;?, CeFUCOONa, 
C 6 H 4 CH 3f C 6 H 4 OCH 3 , C 6 H 4 S0 3 Na, C 6 H 4 N0 2 or C 6 H 4 CN; or unsubstituted Cy-dearalkyl with 
CrCealkyl and C 6 -C 10 aryl, in particular (CH^CeHs, and R 9 is H, Ci-C 4 alkyl, pheny!-CH 2 -, 
phenyl-CH 2 CH 2 , phenyl-(CH 2 ) 3 - or phenyl-CH=CH-CH 2 -, and n is 2 and preferably 1. 

Particularly preferred compounds are also those in which R 4 in formula III is an amide 
R a C(0)N(R 9 )(CH 2 ) n - t where R 8 is unsubstituted or substituted Ci-C 12 alkyl, cyclohexyl, 
naphthyl, biphenylyl, phenyl, benzyl, phenylethyl or diphenylmethyl, and R 9 is d-C 4 alkyl, 
phenyl-Ct-Cealkyl, in particular CH 2 C 6 H 5 , (CH^CeHg or (CH 2 ) 3 C 6 H 5 ; or phenyl-C 2 -Ce-alkenyl, 
in particular C 6 H 5 -CH=CH-CH 2 , and n is 2 and preferably 1 . 

Further particularly preferred compounds are those in which R4 in formula III is a sulfon- 
amide R 8 S(0) 2 N(R 9 )(CH 2 ) n -, where R 8 is Ci-Cisalkyt, particularly CrCealkyl, which is unsub- 
stituted or substituted by one or more halogen atoms (for example CI and especially F), in 
< particular CF 3 ; or Ce-C 10 aryl, particularly phenyl or naphthyl, which is substituted by one or 
more CrC 4 alkyl (for example methyl or ethyl), C,-C 4 alkoxy (for example methoxy or ethoxy), 
halogen, -CN or -N0 2 , and R 9 is hydrogen or isobutyl, and n is 2 and preferably 1. 

Further particularly preferred compounds are those in which R 4 in formula III is an amino- 
carbonyl residue of the formula R 8 -NH-C(0)-NH(CH 2 ) n -, in which Rs is CrC 12 alkyl or 
C 8 -C 10 aryl, particularly CrCealkyl, which is unsubstituted or substituted by halogen, -CN, 
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2^f 4 T " C, * C4a ' k0Xy ' ° r * " *C-* such as pheny, or 

n^unsubstitute^^ 

tuents selected tan 1 ^ " by 0ne or mor * «** 

c ( o)n TTo 7 IT consfefins of 0H> ha,09en ' C(o)or - 

C(0)NR tlRl2 , CrC^ C-Cea.koxy, C^ry,, _ S 0 3 H, SOaNa, OS03Na NrLsO^ 
nrtro. ammo and cyano; unsubstituted C^^oalkvl- cJZJt I NRa)S03Na ' 
by one or more OH- CVC narvl- C^r ^7***^ ^^<*>alkyl which is substituted 

e uh, Ce-Coaryl, CVCearalkyl with C-CsalkyI and CVC in arvl- or r -r 
alkenyl with Cj-CBalkenvl anrt ~ . , '^•oaryi, or C8-C 16 ar- 

or^iKenyl and C^^ryl, where aryl and the ary| in the aralkvlpnH, .., , 
are unsubstituted or substiti it^n k.. ~ ^ ^ ara 'tenyl 

C*-C ho,. „ / C^'oaryl, C^eteroaryl, CrC^aralkyl or 

CHA«.orphenyl-CH;.alke^ J „ partcular ^ H=CHCiHs 

"™ WXr- where R. m „, are , Wepe^ „, " " 

(*eny K ;,.orC ! al kyl ,i„p artlcularCH!C5H ^ ~ H. CrCrtH 
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Preferred compounds of group (b) of meanings for R 4 , are those in which R 4 is C7-C tl ar- 
alkyl. in particular CH 2 -C 6 H 5 and (CH 2 ) 2 -C 6 H5, C 3 -C 12 cycloalkyl or C,-C t2 alkyl, which is un- 
substituted or substituted by one or more substituents selected from the group consisting of 
NH 2t C 3 -C 12 cycloalkyl, primary amino, secondary amino, sulfonamide, carbamide and 
aminocarbonylamido. Particularly preferred substituents for C r Ci 2 alkyl are NH 2( cyclohexyl, 
C6-C 10 aryl f R 8 C(0)N(R 9 )- t R 8 S(0) 2 N(R 9 )-, R 8 NHC(0)NR 9 -, NR 9 C(0)NHR 8 and Re-R^N-, in 
which Rs and R 9 are, independently of one another, hydrogen, Ci-C 12 alkyl, C3-Ci 2 cycloalkyl, 
CrCnheterocycloalkyl, C 6 -Cioaryl, Cs-Cgheteroaryl, C 7 -Cnaralkyl or C 6 -Ci 0 heteroaralkyl and 
Re- and Rgr are, independently of one another, hydrogen, OH, Ci-C 12 alkyl, C 3 -C 12 cydoalkyl, 
CrCnheterocycloalkyl, Ce-doaryl, Cg-Cgheteroaryl, Cy-Cnaralkyl or C 6 -Cioheteroaralkyl ? 
which are unsubstituted or substituted by one or more substituents selected from the group 
consisting of OH, halogen, C(0)OR s1 , OC(0)Rs4, CfOJRs* nitro, NH 2 , cyano, S0 3 My, 
OS0 3 My, NR 20 SO 3 My, C,-C 12 alkyl, C 2 -C 12 alkenyl, C,-C 12 alkoxy, C 3 -C 12 cycloalkyl, C3-C 12 cyclo- 
alkenyl, CrCnheterocycloalkyl, CrCnheterocycloalkenyl, C 6 -Cioaryl, C6-C 10 aryloxy, 
C5-C 9 heteroaryl, C 5 -C 9 heteroaryloxy, CT-Cnaralkyl, C 7 -Cnaralkyloxy, C 6 -Ci 0 heteroaralkyl, 
Cs-Cnaralkenyl, C 7 -C 10 heteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfon- 
amide, carbamide, carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and 
aminocarbonylamide, where R s i is hydrogen, M y , d-C 12 alkyl, CrCi 2 alkenyl, C r C 12 cyclo- 
alkyl, CrCnheterocycloalkyl, C6-C 10 aryl f C5-C 9 heteroaryl, Cr-Cnaralkyl or C 6 -Cioheteroar- 
alkyl, Rs4 is hydrogen, Ci-C 12 alkyl, C 2 -Ci 2 alkenyl, Cs-Ci-jcycloalkyl, CrCnheterocycloalkyl, 
C6-C 10 aryl, Cs-Cgheteroaryl, C 7 -Cnaralkyl or C 6 -Ci 0 heteroaralkyl, and R^ and R^ are hydro- 
gen, Ci-C 12 alkyl, CrC 12 alkenyl, (VC 12 cycloalkyl, C 3 -C 12 cycloalkenyl, CrCnheterocycloalkyl, 
Cg-Cu-heterocycloalkenyl, C 6 -C 10 aryl, C 5 -C 9 heteroaryl, CT-Cnaralkyl, C 6 -C 10 heteroaralkyl, 
C 8 -Cn-aralkenyl or C7-C 10 heteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, 
heterocycloalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroarytoxy, aralkyl, 
aralkyloxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or sub- 
stituted by one of the abovementioned substituents; p is 0 or 1 and y is 1 and M is a mono- 
valent metal or y is 1/2 and M is a divalent metal; or R ff and together are tetramethylene, 
pentamethylene, -(CH 2 )rO-(CH 2 ) 2 -, -(CH 2 )rS-(CH 2 ) 2 - or -(CH 2 ) 2 -NR 7 -(CH 2 )r, and R 7 is H, 
CrCealkyl, CT-Cnaralkyl, C(0)Rs2 or sulfonyl. 

Particularly preferred compounds within this group are those in which R 4 is CHrC 6 H 5 , 
(CH 2 ) 2 -C 6 H 5l cyclohexyl, methyl, ethyl or isopropyl which are unsubstituted or substituted by 
one or more substituents selected from the group consisting of NH 2 , cyclohexyl, Ce-Ctoaryl, 
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ents selected lrom „. grap „ ' cyano^ 

valenl metall or y is 1/2 and M is a divalent metal. Particularly preferred compounds^ue^^ 
•ho- m »h,ch R„ R. fl, and R, are. Independent of one another hydro! 
Ccfohexyl. phenyi. n^ w mhWl are unsu^t^^l 
or more substituents selected from the group consisting of OH F a CfO^TT 
c^.SCyte.c.-C^.methoxy and phenyl. 0(O)ONa, mlto, 

^^^-"n^o,^^,^,,,^,^ 

CHICH,),. CH^henyl, (CH j)r phe„y|, C W HC<0)-phenyl, OfcNHCfOHCH tj„ , 

OHrNHCCCH,^, CH^NCfOJNHC^, CH.NHqojC.H^a 
CH^HCtO^d.aASJOHWf,, CH,NHC(0)C«H r p-SO s Na, CH.WCfOlC.H C, 
CH^HC,0 WNOj . CH^Hqo^OCH, CH^O,^^ 
CtWHCfOKWCH,, CWHCCTC^CH, CH^HCfOlC^N CH,NHao. C H. 

CH^CH^CH^enyOICCT-phenyl^CHMCH^fCH^CfOHthenrt 

I ft^n-H,)^, CHiNHSOrtHitfrophenyt, CHjNHSOrfj-tolyl CH.NHSO re 
CWHCWHCW, or CH^SCVp-nifrophenyfK^cC ' CWHS ° ! ° F '- 

4 C atoms. Methyl and ethyl are particulany prefened. 

case of <t(0)OM, preferably <t(0)ONa o, -C(0)OK; in (he case of alkyl preferably c -C 
preferabfy ^ as metby, e%1 . „ „ ^ ~ 

^^^-naph^ln^o^^p^XZ 
SCK, tnthe case ofpnmary amino C,^ 1!Prtay amino su* as meth*. ethy, „. <» 
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i-propyl-, n-, i- or t-butyl, pentyl, hexyl, cyclohexyl, phenyl or benzylamino; in the case of 
secondary amino C^Qjosecondary amino such as dimethyl-, diethyl-, methylethyl-, di- 
n-propyl-, di-i-propyl-, di-n-butyl-, diphenyl-, dibenzylamino, morpholino, thiomorpholino, 
piperidino and pyrrolidino; -S0 2 -NRaR 9 ; and -C(0)-NR 8 R 9 in which R 8 and R 9 are, indepen- 
dently of one another, H, d-C 4 alkyl, C 2 -C 4 hydroxyalkyl, phenyl or benzyl, or R 8 and R 9 to- 
gether with the N atom are morpholino, thiomorpholino, pyrrolidino or piperidino. 

R 8 and R 9 as alkyl preferably contain 1 to 6, and particularly preferably 1 to 4, C atoms, and 
can be, for example, methyl, ethyl, n- or i-propyl or n-, i- or t-butyl. R 8 and R 9 as hydroxyalkyl 
preferably contain 1 to 6, and particularly preferably 1 to 4, C atoms, and can be, for 
example, hydroxymethyl or 2-hydroxyethyl. R 8 and R 9 as cycloalkyl are preferably cyclo- 
pentyl or cyclohexyL Substituents for R 8 and R 9 as phenyl and benzyl are preferably F, CI, 
methyl, ethyl, methoxy and ethoxy. 

A preferred subgroup of compounds of the formula I are those in which R 2 is hydrogen, un- 
substituted d-C 6 alkyl, particularly preferably d-dalkyl, especially methyl or ethyl, or 
Ct-Csalkyl, particularly preferably Ci-C 4 alkyl, especially methyl or ethyl, which is substituted 
by C(0)OH, -C(0)ONa, -C(0)OK, -OH, -C(0)-NR 8 R 9 or -SCVNR^, in which R 8 is H, 
C t -C 4 alkyl, C 2 -C 4 hydroxyalkyl, phenyl or benzyl, and R 9 independently has the meaning of 
R 8 , or R 8 and R 9 are together tetramethylene, pentamethylene or -CH 2 CH 2 -0-CH 2 CH 2 -. Par- 
ticularly preferred compounds are those in which R 2 is hydrogen, methyl, ethyl, 
HO(0)CCH 2 CH 2 - f NaOC(0)CH 2 CH 2 - or R 8 R 9 NC(0)CH 2 CH 2 - f and R 8 and R 9 are, indepen- 
dently of one another, H, Ci-Cealkyl, Crdhydroxyalkyl, phenyl, benzyl or, together, 
morpholino. 

A particularly preferred embodiment of the invention comprises compounds of the formula 
la 
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in which 

R 3 is hydrogen or M y ; and 

C-C,^ CVCalkeny.. CHJ«**H C,<t,,„e,e,,cyc,oa» ty , 
^uhaenxydoaiken* c^ryi. c^eterca*. c^.araikyt, c.C.ne.eroamiky, 
GrCamtatf or C^ohetereamllcenyl, whleh are unsubstiteted or substituted onca or 
several times; ww*ur 

Rsano I R, ara. independent* ot ona anofcer, hydrogen. c-C^Ukyi. C,.C„cyc,oa»<y,, 
^uhetemoyoieaikyi, c*+* Cs^teroa^. c*;„ara,ky, „ cVC.he.eroamiky,; „ 

T W Wl,h * ^ *"* ««-»***^ C^^ketv 
Wane. C^uhetemcyeioatkylene and CVChataraoyctoatkanylona with hatero atoms 
selected from the group ot -O-, -S- and -N-; 

»h«e alkyi, oyo.oa.ky, heterocyctealk*. ar* heteroruyt, araikyi. heteroamikyi. cycte- 

™7T' <enl '' 8n * and haterocyoteaikenytene are uns*^ 

or substituted once or several times; 

^* Cyan0 ' ^ O 80 ^ "FfeSCW, in which R„ is hydrogen, 
CrC-W C-C^ikenyl. M,^ CVC^ctoaikenyi, CVChaterooyctoaiky, 

ir,^ 0 '^ te,Mralke ' V, ' a - ,C ^^^'l<eny 1 ,c,-C, ! a,koxy. 
^cyaoatkyi. C^oatkeny,, CKtuhetemcycteaikyt. C^hetemcycioaikeny; 
CW,„aryi OVCaryioxy, OVC.hatemaryi, CM*e,eroa*oxy. CVCaraiky,, c^„a,i 

I* C^araik^. C^heteroamikenyi, primly amino, 
secondary amino. su»onyi. suttonamlde. camamide, carbamate. au« OT hyd ra2 ,da. cam- 

CrCaikyt C-Oalkenyt, CrC^oatkyl. CVChatemcyoloalky,, CVCary. 
^hatero-a^i, C,-C„ara,ky, or CVCheteroamiky,, R„ is by*c^ c,^, 
^.ratkanyi. CC^oalkyi, C.C.na.emcycloatkyl. C^^ryt. GYC^eroary, 
^Cuara^y, or C-C.netemarafcy, and R„ ia nydmgan, c-c,^, 
^.rcydoarkyi, (VCuoyctoaikany,, C^.netemcyctoaikyi. CrC-haterooydoalkanyl 
<W«a*. CH^etemanrl, CVCaraikyi. C^„he,eroara,ky,. c« lrtrall(enyl „ 
CK^teroamikenyi, and alky., alkanyl, alkoxy, cycteaikyi, cyctoafcenyl. haterocyctoalky, 

aralkanyl and heteroamlkenyl in tern am subsateted or unsubs«utad by one ol the 
abovementionad substituents; and 
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y is 1 and M is a monovalent metal or y is a 1/2 and M is a divalent metal. 

Preferred compounds of the formula la are those in which 
R 3 is H, K or Na, 

R 5 and R 6 are, together with the -CH-CH- group, Cg-Ci^ycloalkylene, C 4 -C t2 cycloalken- 
ylene, C 2 -Cnheterocycloalkylene and Ca-Cnheterocycloalkenylene with hetero atoms 
selected from the group -O-, -S- and -N-; which are unsubstituted or substituted once or 
several times; 

where the substituent is selected from the group consisting of OH, halogen, C(0)OR s1f 
OC(0)Rs4, C(0)Rs2, nitro, NH 2 , cyano, SQjMy, OS0 3 My, NR2oS0 3 My in which R 20 is hydro- 
gen, Ct-Czalkyl, C 2 -Ci2alkenyl, C 3 -C 12 cycloalkyl, (VC^cycloalkenyl, Ca-Cnheterocycloalkyl, 
Cj-Cn-heterocycloalkenyl, C 6 -C 10 aryl, Cs-Cgheteroaryl, Cr-Cuaralkyl, C 6 -C 10 heteroaralkyl, 
Ce-Cn-aralkenyl or Cr-Cioheteroaralkenyl, and Ci-C 12 alkyl v C 2 -C 12 alkenyl, C r C 12 alkoxy, 
Ca-C^cycloalkyl, C 3 -C 12 cycloalkenyl, Crdheterocycloalkyl, CrCnheterocycloalkenyl, 
C6-C 10 aryl, Ce-Cioaryloxy, Cs-Cgheteroaryl, Cs-Csheteroaryloxy, C7-Ci t aralkyl, Cy-Cnar- 
alkyloxy, Ce-CioheteroaralkyI, C-Cnaralkenyl, C7-C 10 heteroaralkenyl, primary amino, 
secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, carb- 
hydrazide, carbohydroxamic acid and aminocarbonylamide, in which R sl is hydrogen, My, 
Ci-C 12 alkyl, C r C 12 alkenyl, C 3 -C, 2 cycloalkyl, Cg-Cnheterocycloalkyl, C<rC 10 aryl, C 5 -C 9 hetero- 
aryl, Cy-Cnaralkyl or CrC 10 heteroaralkyl, R^ is hydrogen, C r C 12 alkyl, C 2 -C 12 alkenyl, 
C3-C 12 cycloalkyl, C 2 -Cuheterocycloalkyl, Ce-Ctoaryl, Cs-Cgheteroaryl, C7-Cnaralkyl or 
Ce-CioheteroaralkyI and R s2 is hydrogen, C,-C 12 alkyl, C2-C 12 alkenyl, C 3 -C 12 cycloalkyl, 
Crdjcycloalkenyl, C^-Cnheterocycloalkyl, C^rheterocycloalkenyl, Ce-Cioaryl, 
Cs-Csheteroaryl, Cr-Cnaralkyl, C 6 -C 10 heteroaralkyl, Cjrd-aralkenyl or C7-C 10 heteroar- 
alkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocyclo- 
alkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl, aralkenyl 
and heteroaralkenyl in turn are unsubstituted or substituted by one of the abovementioned 
substituents; and 

y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal; 

(a) R 4 is a residue Ri2-(CH 2 ) n - or cyclohexyl, in which n is 1 or 2 and 

Ri 2 is C r C 10 alkyl, Cs-Cecycloalkyl, especially cyclohexyl, C6-C 10 aryl, preferably phenyl, or 

Ce-Ci 2 aralkenyl, preferably phenyl-C2-C 4 alkenyl, which are unsubstituted or substituted by 

C 1 -C 4 alkyl t C,-C 4 alkoxy, F, CI, -CN or -N0 2 ; or 
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R. «s an amino group -NR,,R,, and R, and R ? are C-C 2 alkyl or unsubstituted or 
C-C.alkyl-substituted Csr or Cecycloalkyl. C-Coaryl, C-C 12 ara.ky. or C 8 -C 12 ara.kenyl; very 
particulariy preferably -CH^CH,)., -CH 2 -C(C H 3) 3 , ^CfCH^Hs, CeH 5 -CH 2 - 
CeHsC^CHr, C 6 H5-CH 2 -CHrCH 2 - or CHsCH^H-CH,-, or 

R, 2 is an amide group -N(R 9 )C(0)R 8 , -1^)8(0)^, -NR^OJNHRe or -NR^OJNHR, in 
which R, ,s Cs-C,oaryl, preferably phenyl, whioh is unsubstituted or substituted by C-Calkyl 
especially methyl, C-Calkoxy. especially methoxy, F. CI. -CN or -N0 2 , or C-Ca.ky. which ' 
■s unsubstituted or substituted by F or C. and R 9 is H. C-Coa.ky., Cs - or C^cloalky., C r or 
Ceoydoa.kyl-C-Csalkyl, pheny.-C-Cea.kyl or phenyl-C-Calkenyl, especially H. C-Calkyl 
cyclohexyl, cyclohexyl-CH 2 -, cydohexy.-CH.CrV. cydohexyl-CH 2 CH 2 CrV, CeH s CH 2 
CeHsC^CH., CHsCH.CH.CH,- and CH 5 CHCHCH.-, R 9 is particularly H, linear and prefe- 
rably, branched C-Calkyl, phenyl or phenyl^- with z equal to a number from 1 to 4 for 
example methyl, ethyl, n- or i-propyl, n-, i- or t-butyl, pentyl, isopentyl. hexyl, benzy., phenyl- 
ethy., phenylpropy. and phenyl-CH=CH-CH 2 -, very particularly preferab* CH^CH,), 
benzyl. 2-phenylethyl and 3-phenylpropyl; or 

(b) R< is C-C^lkyl, C-C 2 cydoalky| or (VCaralkyl which are unsubstituted or substituted 

OC(0)R M , 0(0)^, n ,tro, NH 2 , cyano, S0 3 M, OS0 3 M, NR^M, in which R M is hydro- 
gen. Cl -C 12 alkyl, C-C.a.keny., C 3 -C 12 cyc.oa.ky.. C-C.cyc.oa.keny.. C^heterocydoa.ky. 
^,-heterocyc.oa.keny.. C-Coary.. C-Cheteroary,, C.Cara.ky., C <r C 10 heteroara.ky. 
Cs-C-ara.kenyl or C-C 10 heteroara,keny.. and C-Calkyl, C-Calkenyl, C-C.a.koxy 
C3-C 12 cycloalkyl. C r C 2 cyc.oa.kenyl. C^heterocycloalkyl, C.-Cheterocydoalkenyl ' 
C-Coaryl, C 6 -Coaryloxy, C s -C 9 heteroaryl. C-Cheteroaryloxy, C-C.aralkyl 
C-Caralkyloxy. CVCoheteroaralkyl. C-Caralkenyl, CVCoheteroaralkenyi, primary 
am.no, secondary amino, sulfonyl. sulfonamide, carbamide, carbamate. suKonhydrazide 
ca^hydrazide, carbohydroxamic acid and aminocarbonylamide. where R s1 is hydrogen My 
0,-C.a.ky., C-C.a.keny.. C-C.cydoa.ky., C.-Cnheterocydoa.kyl, C-C 1( *,vl, C-C^etero^ 
aryl. C-Ctaralkyl or C-C 10 heteroara.kyl. Rs4 is hydrogen. C-C 12 alky|, C-C 12 a«keny« C r 
C.cycloalkyl, C-C,heterocycloalkyl. C-C^ryl. C-C 9 heteroaryl, C-Caralkyl or C- 
Coheteroaralky. and Rs2 is hydrogen. C-C 12 alkyl, C-C.a.keny., C^Ccydoalky. C- 
C 2 cycloalkenyl, C-C 1lh eterocycloalkyl. C-C^heterocycloalkenyl, C-Coaryl Cs - 
Cheteroary.. C-C.aralky., C^oheteroaralkyl, C-C.ara.keny. or f>C 10 heteroaralkeny. 
and alky,. a.kenyl, alkoxy. cyc.oa.kyl. cyc.oa.keny.. heterocyc.oa.ky.. heterocycloa.keny. ary. 
aryloxy. heteroa^. heteroaryloxy, ara.ky.. ara.ky.oxy, heteroamlky., ara.keny. and heteroar-" 
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alkenyl in turn are unsubstituted or substituted by one of the abovementioned substituents; 
and 

y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal. 

A preferred subgroup of compounds of group (a) are those in which 

(i) ft, is CeHu, CeHn-CHz, CeHu-CtfeCHr. C 6 H 5 -CH 2 -, C 6 H 5 -CH 2 CH 2 - or C 6 H5-CH=CH-CH2-; 

(ii) ft, is C 6 Hn, CeHu-CHjr, CeHn-CHaCHr, C 6 H 5 -CH 2 -, C 6 H.rCH 2 CH 2 -, -CH 2 -NR 19 -S0 2 R 18) 
-CHrNR^-CfOJR^, CH 2 NHC(0)NHR 18 , -CH 2 NHR 21 or CH 2 N(R 21 )2, in which R 18 is -C 6 H 5l 
phenyl which is substituted by 1 to 3 methyl or methoxy or -N0 2 or F or CI, in particular 
P-CH3-C6H4-, p-CH 3 0-C 6 H 4 - or 2,3,5,-CH 3 -C 6 Hjr or p-0 2 N-C 6 H 4 -, or d-C 4 alkyl, which is sub- 
stituted by F, in particular -CF 3 ; R40 is phenyl which is unsubstituted or substituted by 1 to 3 
methyl or methoxy or -NC^ or F or CI; R 19 is H, d-Cealkyl, phenyl-(CH 2 ) r with z equal to a 
number from 1 to 3, phenyl-CH=CH-CH 2 -, and especially -CHjrCHfCHafe or benzyl; and R 21 
is -CHrCR^RaRjM in which R 22 and R^, methyl, ethyl or phenyl and R 24 is H, ethyl or 
methyl, very particularly preferably R 22 and R 23 are methyl and R 24 is H. 

A preferred subgroup of the compounds of group (b) are those in which R 4 is C 6 Hn, 
CHjrCeHs, (CH 2 ) 2 -C 6 H 5 , methyl, ethyl or isopropyl, which are unsubstituted or substituted by 
one or more substituents selected from the group consisting of NH 2 , cyclohexyl, Ce-doaryl, 
R8C(0)N(R 9 )-, R8S(0) 2 N(R 9 )-, NR 9 C(0)NHR8 and R ff R ff N- in which R 8t B 9 , R* and R* are, in- 
dependently of one another, hydrogen, d-Cu^alkyl, C 3 -C 12 cycloalkyl, C 6 -Cioaryl or Cr-Cnar- 
alkyl which are unsubstituted or substituted by one or more substituents selected from the 
group consisting of OH, halogen, C(0)OM y , nitro, cyano, SQjMy, OS0 3 M y , NR^SOsMy, in 
which R 20 is hydrogen, C-Cujalkyl, CrCi^lkenyl, C 3 -C 12 cycloalkyl f Qrdsscycloalkenyl, 
QrCuheterocycloalkyl, C 2 -Cn-heterocycloalkenyl, C 6 -C 10 aryl, C5-C 9 heteroaryl, C7-C tl aralkyi, 
C 6 -Cioheteroaralkyl, Ce-Cn-aralkenyl or C7-C 10 heteroaralkenyl, and d-djjalkyl, C r C 12 alkoxy 
and Ce-Cioaryl, where y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent 
metal. Particularly preferred compounds are those in which R 8f R 9 , Rs* and R* are, indepen- 
dently of one another, hydrogen, Ci-C 12 alkyl, cyclohexyl, phenyl, naphthyl or Cr-Cnaralkyl, 
which are unsubstituted or substituted by one or more substituents selected from the group 
consisting of OH, F, CI, C(0)ONa, nitro, cyano, SOsNa, d-dalkyl, methoxy and phenyl. 

In a preferred group of compounds of the formula la, ft, is CeHu, CHfCHafc, CH 2 -phenyl, 
(CH 2 )2-phenyl, CH 2 NHC(0)-phenyl, CH 2 NHC(0)(CH 2 )3-phenyl, CH 2 NHC(0)(CH 2 )30H t 
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CH 2 NHC(0)CF 3 , CH 2 NHC(0)C 6 H 11t CH^HCpjC,,^. CH^HCfOJCHfCeH,), 

CHaHNCtONHCeHs. CH 2 NHC(0)C 2 H«C0 2 Na, CH 2 NHC(0)C 6 [(1 .3,4,5)0^, 

CH 2 NHC(O)C 6 H 4 -p-SO 3 Na,CH 2 NHC(O)C 6 H 4 CI,CH 2 NHC(O)C6H 4 N0 2 , 

CH 2 NHC(0)C 6 H«OCH3, CH 2 NHC(0)C 6 H 4 (3,4)CI 2 , CH 2 NHC(0)C 6 H 4 CH 3 . 

CH 2 NHC(0)C 6 H 4 CsH 5 , CH 2 NHC(0)C 6 H 4 CN, CH 2 NHC(O)C 10 H 7 , CH.NHC^CeH.COONa 

CH^HC(0)(CHOH) 2 COONa, CH 2 N(CH 2 CH=CH-phenyl)[C(OH,henyl] 

CH 2 N[CH 2 CH(CH3) 2 ][C(0)-phenyl].CH 2 N[C(0)C 6 H s ]CH^ 

CH^H,,. (CH.feCeH,,, CH 2 NH 2 , CH 2 NHCH 2 CH=CH-phenyl, CH^HCH^henyl 

CH.NHCH.CHfCHa), CH^CH.-pheny.)., CH.NtCH.CHfCH^. CH.NHSCVp-nitrophenyl 

CH^HSO^-tolyl, CH2NHS0 2 CF 3 , CH 2 NHC(0)NHC 6 H 5 or 

CHzNISOz-p-nitrophenylJfCHzCHfCHa^. 

The present invention additionally relates to a process for the preparation of the compounds 
of the formula I which comprises etherifying the 3-OH group of a compound of the formula 



R io "i 




(V) 



in which R 2 and X have the abovementioned meanings. R 12 is a protective group and R 12 - 
and R, 2 " are, independently of one another, hydrogen or a protective group, with a 
compound of the formula VI 

R1-R13 (VI) 

in which R, has the abovementioned meaning and R 13 is a leaving group, and eliminating 
the protective groups. 
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Leaving groups can be: halides, such as chloride, bromide and iodide, and sulfonic acids, 
for example trifluoromethanesulfonate, aliphatic, cycloaliphatic or aromatic sulfonic acids 
which are unsubstituted or substituted by C r C 4 alkyl; C t -C 4 aIkoxy, nitro, cyano or halogen 
(chlorine, bromine). Some examples of these acids are: methanesulfonic acid, mono-, di- or 
trifluoromethanesulfonic acids or p-nitrobenzenesulfonic acid. CF3-SO2-O* (also referred to 
as triflate) is particularly preferably used. The leaving group is advantageously selected 
from the group consisting of halogen and unsubstituted and halogenated R-S0 2 -, in which 
R is Ci-C 12 alkyl, in particular d-Cealkyl, Cg-Cecycloalkyl, phenyl, benzyl, Ci-C 12 alkylphenyl, 
in particular d^alkylphenyl, or Ci-Ci 2 alkylbenzyl, in particular C r C 4 alkylbenzyl, for 
example methane, ethane, propane, butane, benzene, benzyl- and p-methylbenzenesul- 
fonyl. Preferred leaving groups are CI, Br, I, -S0 2 CF 3 (triflate) and p-nitrobenzenesulfonyl, 
and -SO2CF3 is particularly preferred. 

The compounds of the formula VI are known in some cases or can be obtained by known 
processes, as described by Degerbeck et al. [Degerbeck, F., Fransson, B., Grehn, L, 
Ragnarsson, U., J. Chem. Soc. Perkin Trans. 1:11-14 (1993)] and by Dureault et al. 
[Dureauit, A., Tranchepain, I., Depezay, J.C., Synthesis 491-493 (1987)]. Optically pure 
compounds can be obtained by using optically pure starting compounds (e.g. amino acids, 
a-hydroxylic acids) or by chromatographic separation processes, for example with chiral 
solid phases. 

The compounds of the formula V are novel and the invention likewise relates to them. They 
can be obtained by known glycosylation methods starting from known fucosyl and galacto- 
syl donors and diols of the formula HO-X-OH. Stepwise introduction of galactose and 
fucose or vice versa is advantageous. 

For the preparation of the compounds of the formula V, firstly the pseudo-trisaccharide 
building blocks are synthesized. The pseudotrisaccharide is assembled either by glycosidic 
attachment for the activated and protected galactose onto the fucose-O-X-OH building 
block or by glycosidic attachment of suitably protected and activated fucose onto a galac- 
tose-O-X-OH building block. Glycosylation reactions are known on a large scale and are 
described in the specialist literature. 
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• - tan posable to „ group ft, Wo me P5eud0tfi5acctertd8 ^ 

pounds of the formula , can subsequent,,, be nidified. ^ mmmn ^ ^ 
hydrogenation of aromatic compounds to cydoaliphatic groups, whic can bke pbce „, 
exampie, a, the same ffne as the hydrogenolyllc elimination of protect groups I, is' 
^^Posofcle^an^mogmuptobeacyta^^at^an^^^ 
The prepambonofseco^ and terna* amines can be earned ou, by reducbve ammation. 

fthaaprnvedaovan^eousteacnvateme 3-OH group of me galactose residua by em** 
«»on. Pamcutarty sultabie for this ptapose are flatty* oxides. dfatkySn atayfates and 

21 , 9 enteareprC,erablyusedl " s '° i *™«nc amount. c^,! 

mac,™ * earned ou, in two stepes. nameiy a, aebvation and b) coupling wtth th, com- 
pounds of the formula VI. '«»com- 

The «o„ process can be earned oul a. tempers from 40 „ 200-c. p^y «, 

e, the tomta,, V and „ the formula VI can be employed In e„u,mo.a, 

~«1 ,,haSPTOed ~««>^V.ne OT npoundso„be ( cnn ll ,v, m 
excess, for example ,n an amoun, which Is up to ,0 times, pre.en.tHy up ,o 5 the 

amount of the compound of the formula V. 

expeofen, to cany eu, the reason in both reason sbtges in me preeence 
^'^^orn^n M m S o^ &R eac^ p ^^ llts ^ Mal| J 8 J e 

xtTtT " P • h8Xane ' "-***■»-•. oenzene. tofuene or 

xylene, halogenated hydrocarbons su* ae methylene chlonde. cNotofomt, tebachtao- 

memane ,*d*h,o,oe.ha„e. 1.,^,o ro emene. l.l^-teaach.roemaneandZ. 
benzene „„ear or cyclic emers such as diethyl ether, dibulyl ether, ethylene glyco. dimethy. 
"drefcytether.tetrahydn*^^ 

^ethy»o,mamide, ^ ^ ^ .^^^ ^ 

acetone and methyl ieobu*, ketone, carboxy.,0 esters each ae methyl or ethyl acetate or 
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alkanols such as methanol, ethanol, propanol, butanol and ethylene glycol monoethyl ether. 
Particularly preferred solvents are methanol, ethanol, benzene and toluene. 

Protective groups and processes for derivatizing hydroxyl groups with such protective 
groups are generally known in sugar and nucleotide chemistry and are described, for 
example, by Beaucage, S.L Iyer, R., Tetrahedron 48:2223-231 1 (1992). Examples of such 
protective groups are: benzyl, methylbenzyl, dimethylbenzyl, methoxybenzyl, dimethoxy- 
benzyl, bromobenzyl, 2,4-dichlorobenzyl; diphenylmethyl, di(methylphenyl)methyl, di(di- 
methytphenyl)methyl, di(methoxyphenyl)methyl, di(dimethoxyphenyl)methyl, triphenylmethyl, 
tris-4,4\4'Mert-butylphenylmethyl, di-p-anisylphenylmethyl, tri(methylphenyl)methyl, 
tri(dimethylphenyl)methyl, methoxyphenyt(diphenyl)methyl, di(methoxyphenyl)phenylmethyl, 
tri(methoxyphenyl)methyl, tri(dimethoxyphenyl)methyl; triphenylsilyl, alkyldiphenylsilyl, 
dialkylphenylsilyl and triajkylsilyl with 1 to 20, preferably 1 to 12, and particularly preferably 1 
to 8 C atoms in the alkyl groups, for example triethylsilyl, tri-n-propylsilyl, i-propyl- 
dimethylsilyl, t-butyl-dimethylsilyl, t-butyl-diphenylsilyl, n-octyl-dimethylsilyl, (1,1,2,2-tetra- 
methylethyl)dimethylsilyl; C2-C12-, in particular C2-C B acyl, such as acetyl, propanoyl, butan- 
oyl, pentanoyl, hexanoyl, benzoyl, methylbenzoyl, methoxybenzoyl, chlorobenzoyl and 
bromobenzoyl. The protective groups can be Identical or different. Preferred protective 
groups are selected from the group consisting of linear and branched CrC e alkyl, in particu- 
lar CrC 4 alkyl ( for example methyl, ethyl, n- and i-propyl, n-, i- and t-butyl; Cr-C 12 aralkyl, for 
example benzyl; trialkylsilyl with 3 to 20 C atoms, in particular 3 to 12 C atoms, for example 
triethylsilyl, tri-n-propylsilyl, tri-i-propylsilyl, i-propyl-dimethylsilyl, t-butyl-dimethylsilyl, t-butyl- 
diphenylsilyl, n-octyl-dimethylsilyl, (1,1,2,2-tetramethylethyl)dimethylsilyl; substituted methyli- 
dene groups which are obtainable by acetal or ketal formation from adjacent hydroxyl 
groups of the sugars or sugar derivatives with aldehydes and ketones, which preferably 
contain 2 to 12 or 3 to 12 C atoms, for example C r C 12 alkylidene, preferably C r C 6 alkylidene 
and in particular CrC 4 alkylidene, such as ethylidene, 1 ,1- and 2,2-propylidene, 1,1- and 
2,2-butylidene, benzylidene; unsubstituted and halogenated C 2 -C 12 acyl, in particular 
C2-C 8 acyl, such as acetyl, propanoyl, butanoyl, pentanoyl, hexanoyl, pivaloyl and benzoyl. 

The synthesis preferably takes place with protective groups for R 12 ' and R 12 " which together 
form an alkylidene group with, preferably 1 to 12 and, more preferably 1 to 8 C atoms. In 
this connection, particularly preferred protective groups are those in which R 12 ' and R 12 " to- 
gether are an alkylidene group with, in particular, 1 to 12 C atoms, with the alkylidene group 
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(o™„ 8 an acta, o, total * fne ^ aloms . ^ 

oenzyi.dene.R l2 and R 12 » can, however, also be hydrogen or one of R - 9 ^ B ., 

-^^-a S ^a., eo ,_L R :.^: n ;^r bea 

Tl» reaction for eWnation of me protect™ groups f, ^ „„ „ . „ 

^o.0.C,„50X.anfpa^ara, ra o mtemperalure »— «•-••••-««■ 
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O 
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12 



(VII), 



OR 



12 



OR 12 OR i2 



(VIII). 
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in which R t has the abovementioned meaning, Z is O or S, R, 2 is a protective group and R 
is a leaving group, and subsequent removal of the protective groups from the resulting com- 
pound. 

It is possible to chose reaction conditions like those implemented for the process described 
previously. The leaving group R can be, for example, -C(=NH)-CCI 3 or 4-pentenyl. The com- 
pounds of the formula VII can be obtained in a simple manner by glycosidic linkage of ap- 
propriately protected fucose with a compound of the formula HO-X-OH which is monopro- 
tected where appropriate. The compounds of the formula VIII can be obtained by etherifi- 
cation of compounds of the formula RiOH with galactose which is protected where appropri- 
ate. 

The compounds according to the invention have antiinflammatory properties and can 
accordingly be used as medicaments. It is possible with them in particular to alleviate dis- 
orders such as cardiogenic shock, myocardial infarct, thrombosis, rheumatism, psoriasis, 
dermatitis, acute respiratory distress syndrome, asthma, arthritis and metastatic cancer. The 
invention furthermore relates to the compounds according to the invention for use in a 
therapeutic method for the treatment of disorders in warm-blooded animals, including 
humans. The dosage on administration to warm-blooded animals with a body weight of 
about 70 kg can be, for example, 0.01 to 1000 mg per day. Administration preferably takes 
place in the form of pharmaceutical compositions, parenterally, for example intravenously or 
intraperitoneally. 

The invention furthermore relates to a pharmaceutical composition comprising an effective 
amount of the compound according to the invention, alone or together with other active sub- 
stances, a pharmaceutical carrier, preferably in a significant amount, and, where appropri- 
ate, excipients. 

The pharmacologically active compounds according to the invention can be used in the 
form of compositions which can be administered parenterally or of infusion solutions. Solu- 
tions of this type are preferably isotonic aqueous solutions or suspensions, it being possible 
to prepare the latter, for example in the case of lyophilized compositions which comprise the 
active substance alone or together with a carrier, for example mannitol, before use. The 
pharmaceutical compositions can be sterilized and/or comprise excipients, for example pre- 
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p essure ano/or buffers. The pharmaceutical compositions which ma „ * • 
manner known perse, ^ examp.e by W nven^^ 

comprise about 0 1 % to 90 <* in no*- , « a,550l ™g or iyophilizing processes, ant 

uoih u.i /o to 90 t>, (n particular from about 0.5 % to about <?n », ,„ 
to 5 %, of active substance(s). %1 ,0r exam P ,e 1 

The following examples illustrate the invention. 
The following abbreviations are used: 

^Benzoyl; Bn: Benzyl; DMTST: Dimeth^eth^,^ ^ FAB . 
bombardment mass spectroscopy; OTf: Triflate; Ph- Phenyl- SEf C H , ^ 
THRTetrahydrofuran NBA-mNitmhon h , ' Pnenv l» SEt. C 2 H 5 S; THG: Thiogfycerol; 

An unconnected hyphen in the formulae means methyl. 
Molecular sieves are activated at 3O0 o r..nH a ,k- u 

are used in powdered form ^ ° ^ ^ for 12 ^rs before use. They 
A: Preparation of starting compounds 
^MoAH Preparation of compound No. A1 



O 

a) V^OH ■ ► 




OH 
28 



Na |^ OBn 
OH 

29 



R-3-azido-2-hydroxypropionic acid 28 [Dureault A TranrhAna* , ^ 
Synthesis 491-493 figB^tn.thw • Tranch apa«n, I., Depezay, J.c, 

y 493 (1987)J, tr.ethylam.ne (850 ml, 6.1 mmol) and DMF (7 o mn 
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centrated under high vacuum. The residue is taken up in water and the mixture is extracted 
several times with ethyl acetate. The combined organic phases are washed with saturated 
NaCI solution, dried (Na 2 S0 4 ), filtered and concentrated in vacuo. The crude product (1 g) 
is purified by flash chromatography on silica gel (ethyl acetate/hexane 1 :4), resulting in 
benzyl R-3-azido-2-hydroxypropionate 29 (0.717 g f 85 %) as an oil. 'H NMR (250 MHz, 
CDCI 3 ) 57.36 (m, 5H), 5.25 (s, 2H), 4.39 (q, J=4.2 Hz, 1H), 3.65 (dd, J=3.3, 12.9 Hz, 1H), 
3.51 (dd, J=4.3, 1 2.9 Hz, 1 H), 3.20 (d, J=4.0 Hz, 1 H). 



Trifluoromethanesulfonic anhydride (770 ml, 4.41 mmol) is added at -20°C with stirring to a 
solution of the alcohol 29 (0.85 g, 3.84 mmol) and 2,6-di-fert-butylpyridine (1.12 ml, 
4.99 mmol) in dry CH 2 CI 2 (1 1.0 ml). The clear colourless solution is warmed to 0°C over the 
course of 40 minutes and is stirred at this temperature for a further 2 hours. The mixture is 
diluted with CH 2 CI 2 (40 ml) and, while stirring vigorously, 1 M aqueous KH 2 P0 4 solution 
(30 ml) is added. The organic phase is separated off and the aqueous phase is extracted 
twice with CH 2 CI 2 . The combined organic phases are washed with Hj>0 (30 ml), dried 
(Na 2 S0 4 ), filtered and concentrated in vacuo. The oily residue (2.3 g) is purified by flash 
chromatography on a short silica gel column (ethyl acetate/hexane 1:7), resulting in the 
benzyl R-3-azido-2-trifluoromethanesulfonyloxypropionate A1 (1.16 g, 85 %) as a yellowish 
oil. 1 H NMR (250 MHz, CDCI 3 ) 5 7.38 (br s, 5H), 5.32 (d, J=12,1 Hz, 1H), 5.27 (d, J=12.1 Hz, 
1H) f 5.24 (dd, J=4.2, 5.5 Hz, 1H), 3.90 - 3.75 (m, 2H); 13 C NMR (63 MHz, CDCI 3 ) 5 164.4, 
133.9, 129.1, 128.8, 128.6, 120.9, 81.0, 69.0, 51.5. 



O 



b) 




OTf 



A1 
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£xameleA2: Preparation of compound No. A2 
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yH OH F ' c ' S>s o 

OBn 




OH 

6 — LI 6 — L ■ 




OBn 

^ O 



26 

27 

A2 

A solution of (fl)-2-hydroxy-4-pheny1birtyric acid 26(02, ,„™. „• . 
1.3 ml) is adjusted to pH 8 with 20 % Zco sj, 1 M1 ^ " »"•«* •» «1. 
^ azaofrcped M 1 0^11^^ S °' Ut ' 0n * " <— 

-nun, , otdetfo ; ^ suOss^^ ^ 

»«s ,,.3 m „ and oanzy, On^ide n , T " * 

the mixture is stined for a further c rt • . e t^m. 0.168 mmol) is added, and 

20 C. Then tnftuorometnanesulfonic anhydride (222 m 127 mm „„ - 

A2(0.311 g,70%)asanoil Th«nr~< >' resu,tm 9 ,n «i* triflate 

y. " a,; as an oil. The product is used immediately for the n*vt , 
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Example A3: Preparation of compound No. A3 



OH 



OH 




,OBn 



(A3) 



fl-Hydromandelic acid is converted into the inflate A3 in accordance with Example A2. 
Example A4: Preparation of compound No. A4 



R-2-Hydroxy-3-methylbutyric acid is converted into the triflate A4 in accordance with 
Example A2. 

Example A5: Preparation of compound No. A5 




R-2-Hydroxy-3-cyclohexylpropionic acid is converted into the triflate A5 in accordance with 
Example A2. 




OH 




O 



WO 97/01569 



PCT7EP96/02785 



-40- 



B Preparation of the mimetics 

6@mu!aS1: Preparation of compound No. B1.1 

Bzo^^-sa + J * j^x^ 0 ©^^ 

BnO 08 " ' 



BnO 060 



A mixture of the thioglycoside 1 (5.38 g, 8.40 mmol, [Biessen E A L B 6U f n . 
Roelen, H.G.P F van de Mami n a „ ' eut,n9, D M - 

v,.r.i-., van de Marel, GA, van Boom, J.H., van Berkel T J r i u* ~ 

38:1538-1546 (1995M an H nf »k« " J> Med Chef "- 

■«^to { i aaojj and of the acceptor 2 (3 44 a rah mr ^ t \ • ^ ■ 

are added undera aarogen armosphere, (eHe^d L « » ETT£ 9 ' mm °" 
^^a.roonuer^ra.ureara.aNe^^ 

«»eugb Hyflo Super CeT <»„*, aid), wastog „* CH a 2^ 

and ,he organ, phasa fe ^ ^ ^ * -~ *° — , 

acelate/tokiene 1-91 ». laIe,neMne '-". 2 r«l*romatograpny : ethyl 
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OH 



3 

b) 




A solution of the tetrabenzoate 3 (3.38 g, 3.04 mmol) and sodium methoxide (0.165 g, 
3.05 mmol) in dry methanol (32 ml) is stirred at room temperature for 3 hours. The mixture is 
neutralized by adding a strongly acidic ion exchanger (Amberlyst 15) and then filtered 
through Hyflo Super Cel®, washing with CH 2 CI 2 . The filtrate is concentrated in vacuo, and 
the remaining yellow oil is purified by flash chromatography on silica gel (etution: CH 2 CW 
methanol 19:1), resulting fn the pure tetrol 4 (1.95 g, 92 %). 



c) 




5 



A solution of the tetrol 4 (1.0 g, 1.44 mmol), benzaldehyde dimethyl acetal (430 ml, 
2.86 mmol) and camphorsulfonic acid (0.1 g, 0.43 mmol) in acetonitrile (20 ml) is stirred at 
room temperature. After 4 hours, further camphorsulfonic acid (0.15 g, 0.65 mmol) is added 
and the mixture is stirred for a further 6 hours at room temperature, after which it is heated 
at 35°C for a further 6 hours. Then further camphorsulfonic acid (0.06 g, 0.26 mmol) is 
added, and the solution is stirred at room temperature for 6 hours. The reaction mixture is 
filtered through Hyflo Super Cel®, washing with ethyl acetate. The filtrate is extracted by 
shaking first with saturated aqueous NaHC0 3 solution and then with saturated NaCI 
solution, and the organic phase is dried (Na 2 S0 4 ), filtered and concentrated in vacuo, resul- 
ting in 1 .5 g of crude product. Purification of the crude product by flash chromatography on 
silica gel (CHaCla/MeOH 39:1) affords, besides the required benzylidene acetal 5 (0.475 g), 
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a morture o, .eas po,ar byproduct* (0 .4 g). The latter are «« once again unto, ^ reac . 
ben conditione deacnhed above and a,e purified. resuNh, i„ a further 0.08 8 of .he benzyli- 
dene ecete, 5. The fete, yield of 5 ia: 0555 9 ,49 %): - H NMR ,500 MHz, CDCIJ 6 7 53 . 
751 (m, 2H>. 7.38- 7.19 ,m, 18H). 5.62 (a, 1H). 4.83 (d. .W.8 Hz. 1H).4.77(d J-12, Hz 
1H), 4.71 (d. J=1 1.5 Hz. 1H). 4.70 <m. 1H). 4.66 (d, J=12.0 Hz, 1H), 4.62 (d J=,1 5 Hz ' 
1H). 4.5. (d. J=„., Hz. ,H). 4.36 - 4.3, ,ra. 2H). 4.33 <br d. J^.8 Hz. ,H,. 4.06 (dd « 7 
12.3 HZ. 1H,, 3.97 ,dd, J= 2.9. ,0.2 Hz, ,H, 3.92 ,d, «M Hz, ,H>. 3.90 ,dd, A 8 £ 
Hz, 1 H), 3.76 ■ 3.68 (m, 3H), 3.53 (ddd. J=4.9, 9.0, 1 , .0 Hz, 1H), 3.43 (br a, 1H) 3 37 <d' 
±*S Hz, ,H>, 2.57 ,d, «.„ Hz. ,H), 2.5, fe ,H>,2.08 (re, 2H>, 1.73 ,brd. ^Hz 2H> 



d) 



COOBn 
PhvJL OH 

t* J 



Ph 

-OBn 

LOBn 



A mbdure o, the die, 5 ,0.098 g. 0.125 mmoO. di-n^rty*, oxide ,0.062 g, 0.25 mm«) and 
^^^^urtderr.^^^.^^3^^^ 

cerirated C ° nCen ' ra ^ ^ vacuo * and pentane ia added lo Hie residue, after which il ia con- 

a^L r '* *** W * ^ *' WC ' M" * — 0 is 
added undo, an argon atmoaphere. and the mbdure ie further dried unde, high vacuum 

W. After addibon e, anoydrrxts ,.2-amethoxyethane ,1.5 m„. a aLon 0 7 
benzyl ^r^,-2.Wuo ro melhanesu»ony,oxyp ro pione,e [Degetbeck, F„ Fransson 6 
Qrehn,L,Ragr B raaon,U,J.Chem.Soo.PerkinT ra na.1:1,-,4(1993)J,024g ' " 
0,62 mmc) in dry ,,2-dimemoxye.hane ,15 m„ bedded. The mixture iaftra, vigorous* 
sbrred e. room temperature ,or 4 houra and men a. 40°C for a fttrther 2 houra After addibon 

rr ,m ^ - mMure b — * — - —ad itr 

^•^-^•^eomb^^pba^^^^ 

aqueous KF sotubon eed then wfth aeu.re.ed NaC, sobtbon. The orgenic pheae ia deed 
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(Na 2 S0 4 ), filtered and concentrated in a vacuum rotary evaporator, resulting in the crude 
product. Purification by flash chromatography on silica gel (gradient elution: ethyl acetate/ 
toluene 1:4 to 100 % ethyl acetate) affords the ether 6 (0.045 g, 35 %) and the more polar 
precursor 5 (0.043 g, 44 %): *H NMR (250 MHz, CDCI 3 ) 5 7.49 (br d, J=6.9 Hz, 2H), 7.37 - 
7.05 (m, 28H), 5.36 (s, 1H), 5.04 (d, J=12.0 Hz, 1 H), 4.98 (d, J=12.0 Hz, 1H), 4.72 - 4.63 
(m, 3H), 4.62 - 4.48 (m, 4H), 4.31 (d, J=11.2 Hz, 1H), 4.16 (m, 1H), 4.11 (d, J=7.9 Hz, 1H), 
4.07 (d, J=3.4 Hz, 1H), 3.88 - 3.79 (m, 2H), 3.76 (dd, J=3.4, 10.3 Hz, 1H), 3.66 (d, J=11.3 
Hz, 1H), 3.62 - 3.47 (m, 2H), 3.44 - 3.35 (m, 1H), 3.36 (dd, J=3.5, 9.6 Hz, 1H), 3.16 - 3.06 
(m, 2H), 3.12 (br s, 1H), 3.01 (dd, J=8.4, 13.9 Hz, 1H), 2.03 - 1.86 (m, 2H), 1.93 (d, J=2.0 
Hz, 1H), 1.71 - 1.55 (m, 2H), 1.36 - 1.00 (m, 4H), 0.99 (d, J=7.1 Hz, 3H). 



Dioxane (2.5 ml), water (1.2 ml) and glacial acetic acid (0.1 ml) are added to a mixture of 
Pd(OH)2/C (Pearlman catalyst, Pd content 20 %, 0.03 g) and the protected compound 6 
(0.03 g, 0.029 mmol). The flask is evacuated and flushed with argon several times. It is then 
flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly ele- 
vated pressure of hydrogen at room temperature for 13 hours, and then filtered through a 
cellulose filter (pore size 45 ^im). The filtrate is concentrated in vacuo, and the residue is 
taken up with water and concentrated again several times in order to remove excess acetic 
acid. A solution of the residue in water is passed through a Dowex50 ion exchange column 
(Na* form, diameter of the column 0.9 cm, length 3.5 cm), washing with deionized water. 
The clear filtrate is concentrated and purified by reverse phase chromatography (RP18 
silica gel, column diameter 1.4 cm, length 7.0 cm, gradient elution: 40 % MeOH/ H 2 0 
through 45 % MeOH/H20 to 50 % MeOH/H20), resulting in the target molecule B1.1 (0.015 
g, 78 %) as a colourless solid: 1 H NMR (500 MHz, D 2 0) 8 7.38 - 7.30 (m, 4H), 7.29 - 7.23 
(m, 1H), 4.92 (d, J=4.0 Hz, 1H), 4.55 (q, J=6.7 Hz, 1H), 4.35 (d, J=7.8 Hz, 1H), 4.11 (dd, 
J=4.8, 8.5 Hz, 1H), 3.86 (d, J=3.6 Hz, 1H), 3.84 (dd, J=3.3, 10.5 Hz, 1H), 3.74 (d, J=3.5 Hz, 



e) 



6 




B1.1 
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1H). 3.71 (dd, J=3.9. 10.5 Hz, 1H), 3.69 - 3.62 (m. 3H), 3.50 (ddd, J=1.0, 4.5. 7.1 Hz 1H) 
3.48 - 3.41 (m, 1H). 3.43 (dd, J=8.0, 9.7 Hz. 1H), 3.24 (dd. J=3.5. 9.7 Hz.1H). 3.09 (dd ' 
J=4-6, 14.0 Hz. 1H). 2.92 (dd. J=8.8. 14.0 Hz. 1H). 2.06 - 1.97 (m. 2H). 1.63 (br s, 2H) 1 24 
- 1.14 (m. 4H). 1.13 (d. J=7.0 Hz. 3H); «C NMR (100 6 MHz ApT ^ tf ^ g ^ 
(2 CH). 129.9 (2 CH). 128.0 (CH). 100.8 (CH). 96.8 (CH), 84.0 (CH). 83.3 (CH). 79 6 (CH)' 
78.4 (CH). 75.6 (CH). 73.3 (CH). 71.4 (CH). 70.9 (CH). 69.2 (CH). 67.7 (CH). 67 4 (CH) ' 
62.8 (CH 2 ). 40.6 (CH 2 ). 30.9 (CH 2 ). 30.4 (CH.). 24.4 (2 CH 2 >, 16.6 (CH 3 ); MS (FAB THG) 
595 (M+Na), 573 (M+H). ' ' 



HO 

f) 



COOBn 

OH 



OH j 
H0 OH Ho\>H 



Bn0 OBn B^OBn 



A m,xture of the tetrol 4 (0.038 g, 0.055 mmol) and di-rvbutyltin oxide (0.029 g. 0.117 mmol) 
■n dry methanol (2.0 ml) Is heated under reflux In an argon atmosphere. After 2 25 hours 
the clear, colourless solution is concentrated in vacuo, and the residue is mixed with 
benzene and concentrated several times in order to remove excess MeOH. It is then dried 
under high vacuum for 30 minutes, and the residue is mixed under an argon atmosphere 
w.th CsF (dned under high vacuum at 300-C, 0.03 g. 0.197 mmol) and dry 1,2-dimethoxy- 
ethane (0.4 ml). The mixture is cooled to 0«C. and a solution of benzyl R-3-phenyl-2-tri- 
fluoro^^ IDegerbecR p f pransson R Qrehn l Rggnarsson 

U.. J. Chem. Soc. Perkin Trans. 1:11-14 (1993)] (0.085 g. 0.219 mmol) in dry 1,2-dimeth- ' 
oxyethane (0.4 ml) is added using a syringe. The reaction mixture is then warmed to room 
temperature and stirred for one hour, after which it is stirred at 40»C for a further 2 hours 
After addition of aqueous 1M KH 2 P0 4 solution, the mixture is diluted with water and 
extracted three times with CH 2 C, The combined organic phases are washed with aqueous 
KF solution and then dried (Na 2 S0 4 ). filtered and concentrated in vacuo. Purification of the 
resrdue takes p.ace by flash chromatography twice on silica gel (first chromatography 2 % 
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MeOH/CHCI 3 ; second chromatography: 45 % ethyl acetate/toluene), resulting in the ether 8 
as an oil (0.013 g, 25 %): ! H NMR (250 MHz, CDCI 3 ) 5 7.40 - 7.00 (m, 25H), 5.15 (d, J=11.6 
Hz, 1H), 5.09 (d, J=11.6 Hz, 1H), 4.89 (d, J=11.8 Hz, 1H), 4.86 (d, J=3.2 Hz, 1H), 4.77 (d, 
J=11,6 Hz, 1H), 4.69 (d, J=12.0 Hz, 2H), 4.57 (d, J=12.0 Hz, 1H), 4.56 (d, J=11.8 Hz, 1H), 
4.35 (q, J=6.5 Hz, 1 H), 4.28 (dd, J=4.0, 9.5 Hz, 1 H), 4.1 1 (d, J=7.6 Hz, 1 H), 4.02 - 3.88 (m, 
2H), 3.79 (dd, J=7.3, 1 1.9 Hz, 1H), 3.66 (br s, 1H), 3.63 - 3.40 (m, 5H), 3.22 (m, 1H), 3.10 
(dd. J=4.0, 14.0 Hz, 1H), 3.09 (brs, 1H), 3.03 (dd, J=3.5, 9.3 Hz, 1H), 2.90 (dd, J=9.5, 14.0 
Hz, 1 H), 1 .97 - 1 .84 (m, 2H), 1 .75 (d, J=1 .9 Hz, 1 H), 1 .59 (br s, 2H), 1 .29 - 1 .07 (m, 4H), 
1.01 (d, J=6.4 Hz, 3H). 

COONa 



9) 




B1.1 



1,4-Dioxane/water (2.0 ml of a 4:1 mixture) is added to the protected carbohydrate 8 (0.03 
g, 0.032 mmol) and Pd/C (0.03 g, Pd content 10 %), followed by glacial acetic acid (0.1 ml). 
The flask is evacuated and flushed with argon several times. This procedure is repeated 
with hydrogen. The mixture is hydrogenated under a slightly elevated pressure of hydrogen 
with vigorous stirring until a test by thin-layer chromatography (silica gel plates n-BuOH: 
H20:acetone:glacial acetic acid: NH 4 OH 70:60:50:18:1.5) indicates absence of the precur- 
sor and of the intermediates (about 3.5 hours). The black suspension is filtered twice 
through a cellulose filter (pore size 45 fim), and the filtrate is concentrated in vacuo. The 
residue is taken up in water and the solution is passed through an ion exchanger column 
(Dowex 50, Na* form, column diameter 0.9 cm, length 3.5 cm), washing with deionized 
water. The filtrate is concentrated and purified by reverse phase chromatography (RP18 
silica gel, column diameter 1.4 cm, length 7.0 cm, gradient elution: 40 % MeOH/H 2 0 
through 45 % MeOH/H 2 0 to 50 % MeOH/H 2 0), resulting in the target molecule B1.1 (0.015 
g, 78 %) as a colourless solid. 
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Example B2 : Preparation of compound No. B1.2 




Vm «™*c «-!— B,.1 <o.,52 g. 0.256 ^ and 5 % ,0.2 „ a,a tek an „p 

,T ^ ^ hy * D9en ' ^ ** te -era 

*h* e.e»a,ed praaaura of hvd,ogan * viganoua a**g ,or 2 days and »an filtered 

^ h '««^™«r ftw .a i za«Mm). 1 ha d aa,,^ rt a S saoMon i aaoncar*a,ad i „ 
vacua, and ft. reafdua ia fa*an up in wafar and conoan, rat ad sava ral tmm m ^ t0 
-emava «» acaac aaid. A aaMan af ma creda praauc, ft w*ar .a Blared ^ a 
OowaxSO „, exchanger column (Inform, lengfh: . „ „ cm), and fhe column 

* washed * ^ ^ mtrate „ ■ ^ ^ ^ * - 

«od ay ge, on Bto - Q e, P2 (parecfe Sze 65 m . aaU.mn diamefc, 2.5 on. iengd, ,00 

2 *« ~* «ow rat a 0.55 mlAnin, datacflon a, 2,5 n m , and subseguen, reveree 
Phase chromatography (Merck RP 18 sta gal. a.u*w 55 % MeOH/H*,, raauBing in ma 

MHZ W , 4 . 93 <d, HZ. ,H>. 4.58 „. «4 Hz. ,H). 4.43 «d, J= 7.5 Hz. ,H>. 3.9, 
m M« 9.0 HZ, ,H), 3.88 - 3.83 <m. 2H). 3.75 ,d. M, Hz. ,H), 3.73 ■ 3.64 On 4H) 

hz ; H 2 r "* 349 ** ~* 90 Ht ,h) - 3so - 343 ^ «* « 

7H). ,.,4 (d, Jrf.5 Hz. 3H,. 0.96 - 0.80 (m. 2H); MS (FAB, TOG, 623 OfNa). 60, (M+H). 
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Example B3 : Preparation of compound No. B1.3 



a) 




A suspension consisting of the benzylidene acetal 9 (0.5 g, 1.60 mmol) (EP 671 ,406), 
sodium cyanoborohydride (0.9 g, 14.3 mmol), activated 4A molecular sieves (1 .0 g) and dry 
tetrahydrofuran (30 ml) is cooled to 0°C under a nitrogen atmosphere. The pH of the mix- 
ture is adjusted to 1 by cautious addition of a saturated solution of HCI gas in dry diethyl 
ether. The suspension is stirred at 0°C, and the pH is kept at 1 by occasional addition of the 
ethereal HCI solution. After 10 hours, cold, saturated aqueous NaHC0 3 solution is added 
(30 ml). The organic phase is separated off, and the aqueous phase is extracted twice with 
ethyl acetate (70 ml each time). The combined organic phases are dried (Na2S0 4 ), filtered 
and concentrated in vacuo, resulting in 1.3 g of the crude product. Purification takes place 
by flash chromatography on silica gel (CHCMsopropanol 19:1), resulting in the required 6- 
benzyl ether 10 (0.3 g, 60 %) and a somewhat less polar byproduct (0.045 g): 1 H NMR (250 
MHz, CDCb) 5 7.47 - 7.33 (m, 5H), 4.64 (s, 2H), 4.37 (d, J=9.3 Hz, 1 H), 4.13 (br d, J=3.0 
Hz, 1H), 3.89 - 3.69 (m, 4H) f 3.64 (dd, J=3.1, 9.0 Hz, 1H), 2.89 - 2.70 (m, 2H), 1.38 (t, J=7.3 
Hz, 3H). 

Bz<j> OBn 

b) 10 * BzO^\^^^SE\ 

BzO 

11 

Pyridine (0.45 ml, 5.56 mmol) and benzoyl chloride (0.49 ml, 4.22 mmol) are added to a 
solution of the triol 10 (0.296 g, 0.941 mmol) in CH 2 CI 2 (3.0 ml) at 0°C. The reaction mixture 
is stirred at 0°C for 3.5 hours and then 1 M aqueous KH 2 P0 4 solution is added, and the 
mixture is extracted three times with CH 2 CI 2 . The combined organic phases are washed 
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with water, dried (Na 2 S0 4 ), filtered and concentrated in vacuo, resulting in 1 .0 g of crude 
product. Purification by flash chromatography on silica gel (hexane/ethyl acetate 4:1) gives 
the tribenzoate 11 as yellowish crystals (0.517 g, 88 %). ! H NMR (250 MHz, CDCfc) 8 8.09 
(d, J=7.5 Hz, 2H), 8.02 (d. J=7.5 Hz, 2H), 7.85 (d. J=7.5 Hz, 2H), 7.68 (t, J=7.4 Hz. 1H) 
7.63 - 7.39 (m, 7H), 7.38 - 7.23 (m, 6H), 6.06 (d, J=3.3 Hz, 1H), 5.85 (t, J=10.0 Hz, 1H), 
5.66 (dd, J=3.5, 10.0 Hz, 1H), 4.88 (d. J=10.0 Hz, 1H). 4.60 (d, J=11.9 Hz, 1H), 4.49 (d 
J=11.9 Hz. 1H), 4.23 (t, J=6.3 Hz, 1H), 3.84 - 3.64 (m, 2H), 3.02 - 2.80 (m, 2H) 1 38 (t ' 
J=7.5 Hz. 3H). 



OBz 

OBn 

A^Z-OBn 
_ innn 



C) £j<Z/~-OBn OBn 



BnO 080 



12 



Dry CH^ (8.0 ml) is added to a mixture of the thioglycoside 11 (0.377 g, 0.60 mmol), the 
glycosyl acceptor 2 (0.32 g, 0.60 mmol) (EP 671 ,409) and activated 4A molecular sieves 
(2.5 g) under an argon atmosphere. A suspension of DMTST (0.39 g, i.51 mmol) and acti- 
vated 4A molecular sieves (0.8 g) in dry CH^fe (5.0 ml) is prepared in a second round- 
bottom flask. Both suspensions are stirred at room temperature for 3.5 hours. Then 3 por- 
tions of 1 ml of the DMTST suspension are added over a course of one hour to the glycosyl 
donor/acceptor mixture. The yellowish reaction mixture is stirred at room temperature for a 
further 1 S hours and then filtered through Hyflo Super Cef, washing with CH 2 CI 2 . The fil- 
trate is extracted by shaking with aqueous NaHC0 3 solution and then with water. The 
aqueous phases are reextracted with CH 2 Cfe, and the combined organic phases are dried 
(Na 2 S0 4 ). filtered and concentrated in vacuo, resulting in 0.67 g of the crude product. Puri- 
fication takes place by flash chromatography twice on silica gel (first chromatography: 
toluene/ethyl acetate 14:1; second chromatography: hexane/ethyl acetate 4:1), resulting in 
the product 12 (0.404 g, 61 %) as a colourless foam. 
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d) 



12 




13 



A solution of the tribenzoate 12 (3.42 g, 3.12 mmol) and sodium methoxide (0.169 g, 
3.12 mmol) in methanol (65 ml) is stirred at room temperature for 6 hours. The base is then 
neutralized by adding acidic ion exchanger (Amberlyst 15), and the suspension is filtered 
through Hyflo Super Cel*. The filtrate is concentrated in vacuo, and the remaining yellow oil 
(3.35 g) is purified by flash chromatography on silica gel (CH 2 CI^MeOH, 19:1), resulting in 
the triol 13 (2.15 g, 88 %) as a colourless foam: *H NMR (500 MHz, CDCI 3 ) 5 7.41 - 7.24 (m. 
20H), 4.99 (d, J=3.6 Hz, 1 H), 4.95 (d, J=1 1 .2 Hz. 1 H), 4.83 (d, J=1 1 .2 Hz, 1 H), 4.77 (d, 
J=11.3 Hz. 1H), 4.69 (d, J=11.3 Hz, 1H), 4.68 (d, J=11.5 Hz. 1H), 4.61 (d, J=11.5 Hz, 1H). 
4.53 (s, 2H), 4.34 (d, J=7.0 Hz, 1H), 4.33 (m. 1H), 4.04 (dd, J=3.7, 10.1 Hz, 1H), 4.02 (m, 
1H), 3.97 (dd, J=2.9, 10.0 Hz, 1H), 3.81 - 3.77 (m, 1H), 3.77 (dd, J=6.0, 9.4 Hz, 1H), 3.70 
(dd, J=5.0, 9.6 Hz, 1 H), 3.65 (d, J=2.0 Hz, 1 H), 3.63 - 3.54 (m, 4H), 2.95 (br s, 1 H), 2.60 (br 
d. J=2.0 Hz, 2H), 2.07 (m, 1H), 2.01 (m, 1H), 1.69 (m, 2H), 1.45 - 1.30 (m, 2H), 1.29 - 1.18 
(m, 2H), 1 .10 (d, J=6.5 Hz, 3H); MS (FAB, THG) 783 (M-H). 693 (M-PhCH 2 ). 



A mixture of the triol 13 (0.515 g, 0.656 mmol) and di-n-butyltin oxide (0.245 g, 0.984 mmol) 
in dry methanol (15 ml) is heated under reflux in a nitrogen atmosphere for 2 hours. The 
clear solution is concentrated in vacuo and taken up in benzene and concentrated three 




13 



14 
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times in order to remove excess MeOH. The residue is dried under high vacuum and then 
dry CsF (dried under high vacuum at 300°C, 0.5 g. 3.29 mmol) is added under an argon 
atmosphere, followed by dry 1 ,2-dimethoxyethane (4.0 ml) and a solution of benzyl 
«-3-azido-2-trifluoromethanesulfonyloxypropionate A1 (1.16 g, 3.28 mmol) in dry 1,2-di- 
methoxyethane (8.0 ml). The reaction mixture is stirred at room temperature for 6 hours, 
and then 1 M aqueous KH 2 P0 4 solution (60 ml) is added. The mixture is extracted three 
times with ethyl acetate, and the combined organic phases are washed first with aqueous 
NaHC0 3 solution and then with NaCI solution, dried (Na 2 S0 4 ), filtered and concentrated in 
vacuo. The oily residue (1.15 g) is purified by flash chromatography on silica gel (elution of 
the product with toluene/ethyl acetate 4:1 , then elution of the precursor with CHzCl^eOH 
19:1), resulting in the ether 14 (0.488 g, 75 %) as a colourless foam and the precursor 13 
(0.075 g, 15 %). 14: >H NMR (500 MHz, CDCI 3 ) 6 7.40 - 7.22 (m, 25H), 5.25 (d, J=1 1.7 Hz, 
1H), 5.16 (d, J=11.8 Hz, 1H), 4.96 (d, J=10.9 Hz, 1H), 4.95 (d, J=3.1 Hz. 1H), 4.82 (d. 
J=10.8 Hz, 1H), 4.76 (d, J=11.1 Hz, 1H), 4.72 - 4.66 (m, 2H), 4.62 (d, J=11.0 Hz, 1H), 4.57 
(dd, J=3.2, 6.0 Hz, 1H). 4.53 (d, J=11.3 Hz, 1H), 4.50 (d. J=1 1.3 Hz, 1H), 4.39 (q, J=6.2 Hz, 
1H), 4.31 (d, J=7.4 Hz, 1H), 4.04 (br s, 1H), 4.02 (dd, J=3.0, 9.5 Hz, 1H), 3.99 (dd, J=2.4, 
9.5 Hz, 1H). 3.82 (ddd, J=1.9, 7.3, 8.9 Hz, 1H), 3.77 (dd, j=6.0, 9.2 Hz, 1H), 3.78 - 3.74 (m. 
1H), 3.70 - 3.65 (m, 2H), 3.63 (dd, J=3.0, 12.3 Hz. 1H), 3.58 (ddd, J=4.2, 8.0, 9.5 Hz, 1H), 
3.53 (dd, J=6.0, 12.5 Hz, 1H), 3.55 - 3.51 (m, 1H), 3.44 (dd, J=3.1, 9.0 Hz, 1H), 2.90 (dd, 
J-1* 1.8 Hz, 1 OH), 2.86 (d. 2.0 Hz, 1 OH), 2.09 - 1.96 (m, 2H), 1.68 (m, 2H), 1.44 - 1.18 
(m, 4H), 1.11 (d, J=6.3 Hz, 3H); MS (FAB, THG) 1010 (M+Na), 984 (M + Na+2H-N 2 ) 962 
(M+3H-N 2 ). 



COOBn 

OH 



14 

0 



NH 2 

HO OBn 



BnO 
16 



OBn 

OBn 



Pt/BaS0 4 (0.35 g, Pt content: 5 %) is added to a solution of the azide 14 (0.1 1 g, 

0.1 1 1 mmol) in ethyl acetate (1 2 ml). The flask is evacuated and flushed with argon several 
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times. It is then flushed with hydrogen, and the mixture is hydrogenated under atmospheric 
pressure with vigorous stirring. The hydrogenation is stopped after 2.5 hours, the suspen- 
sion is filtered through a cellulose filter (pore size 45 \im) t and the fitrate is concentrated in 
vacuo. The residue (0.115 g) is purified by flash chromatography on silica gel (CH 2 Cy 
MeOH 19:1), resulting not only in the required amine 16 (0.055 g, 51 %) but also the less 
polar precursor 14 (0.042 g, 38 %). The amine 16 is unstable and is used immediately for 
further experiments. 



(i) Preparation of the benzamide intermediate 17: diisopropylethylamine (3.5 ml, 0.02 mmol) 
and benzotriazol-1-yloxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) (0.012 g, 
0.0271 mmol) are added at 0°C to a solution of the p-amino acid derivative 16 (0.013 g, 
0.0135 mmol) and benzoic acid (0.0033 g, 0.027 mmol) in dry THF (0.5 ml). The reaction 
mixture is stirred for 45 minutes, after which saturated aqueous NaHC0 3 solution is added. 
The mixture is extracted three times with CH 2 CI 2f and the combined organic phases are 
washed first with 1 M aqueous KH 2 P0 4 solution (pH 1-2, adjusted with 1 M aqueous HCI) 
and then with aqueous NaHC0 3 solution, dried (Na 2 S0 4 ), filtered and concentrated in 
vacuo. The residue is purified by column chromatography on silica gel (gradient elution: 

35 % ethyl acetate/toluene to 40 % ethyl acetate/toluene), resulting in the benzamide 17 
(0.0098 g, 68 %). 

(ii) Deprotection of 17: dioxane (1.5 ml), water (0.7 ml) and glacial acetic acid (0.1 ml) are 
added to a mixture of Pd(OH) 2 /C (Pearlman catalyst, Pd content 20%, 0.011 g) and the 
benzyl ether 17 (0.0097g, 0.0091 mmol). The flask is evacuated and flushed with argon 
several times. It is then flushed with hydrogen, and the black mixture is hydrogenated under 
slightly elevated pressure with vigorous stirring for 14 hours. The mixture is filtered through 
a cellulose filter (pore size 45 ^m), and the filtrate is concentrated in vacuo. The residue is 




17 
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taken up in water and concentrated several times in order to remove excess acetic acid. A 
solution of the crude product with a little water is then passed through an ion exchanger 
column (Dowex 50. Na + form, column diameter 0.9 cm, length 3.5 cm), washing with deioni- 
zed water. The filtrate is concentrated in vacuo, and the residue (0.007 g) is purified by gel 
filtration on Bio-Gel P2 (particle size 65 urn. column diameter 2.5 cm. length 35 cm. eluent 
water, flow rate 0.59 ml/min. detection at 230 nm) and subsequent reverse phase chromato- 
graphy (Merck RP18 silica gel, gradient elution: 37 % MeOH/H 2 0 to 45 % MeOH/H 2 0). 
resulting in the target molecule B1.3 (3.3 mg. 58 %) as a fluffy white solid, (after lyophili- 
zation). 'H NMR (500 MHz, D.O) S 7.74 (d, J=7.5 Hz. 2H). 7.57 (t, J=7.2 Hz. 1H). 7.48 (t. 
J=7.6 Hz. 2H). 4.92 (d. J=4.0 Hz. 1H). 4.57 (q. J=6.7 Hz. 1H). 4.44 (d. J=7.8 Hz. W) 4 17 
(dd. J=3.9, 8.1 Hz. 1H). 3.94 (d. J=3.0 Hz. 1H). 3.86 (d. J=3.5 Hz. 1H). 3.84 (t. J=4.0 Hz 
1H). 3.74 (d. J=3.5 Hz. 1H), 3.75 - 3.65 (m. 4H). 3.60 - 3.52 (m. 3H). 3.49 - 3.44 (m. 1H) 
3.45 (dd. J=3.5. 9.3 Hz,1H). 2.03 (m. 2H), 1.64 (br s. 2H). 1.26-1.13 (m, 4H). 1.1 1(d. ' 
J=6.5 Hz. 3H); MS (FAB. THG) 660 (M+Na). 638 (M+H). 

Example B4: Preparation of compound No. B1.4 

COOBn COONa 

HO OBn HO OH I 

Bn0 OBn HO 



16 *- 

Ph 



19 



B1.4 



(a) Preparation of the amide intermediate 19: dfisopropylcarbodiimide (20 ml, 0.129 mmol) 
is added at room temperature to a solution of the amine 16 (0.032 g. 0.033 mmol). dihydro- 
cnnamic acid (0.015 g. 0.1 mmol). 1-hydroxybenzotriazole (0.025 g. 0.185 mmol) in dry 
THF (1.0 ml). The reaction mixture is stirred for 30 minutes and then concentrated in vacuo 
The residue (0.09 g) is purified by flash chromatography twice on silica gel (eluent for the 
first chromatography: CtfcCVMeOH 39:1 . for the second chromatography: CH 2 CMsopro- 
panol 39:1). resulting in the pure amide 19 (0.031 g, 86 %). 
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(b) Deprotection of 19: dioxane (2.0 ml), water (1.0 ml) and glacial acetic acid (0.5 ml) are 
added to a mixture of Pd(OH) 2 /C (Pearlman catalyst, Pd content 20%, 0.035 g) and the 
benzyl ether 19 (0.031 g, 0.0283 mmol). The flask is evacuated and flushed with argon 
several times. It is then flushed with hydrogen, and the black mixture is hydrogenated under 
a slightly elevated pressure of hydrogen with vigorous stirring for 18 hours. The mixture is 
filtered through a cellulose filter (pore size 45 urn), and the filtrate is concentrated in vacuo. 
The residue is mixed with toluene (about 2 ml) and concentrated several times in order to 
remove excess acetic acid. A solution of the crude product (0.021 g) in a little water is then 
passed through an ion exchanger column (Dowex 50, Na + form, column diameter 0.9 cm, 
length 3.5 cm), washing with deionized water. The filtrate is concentrated in vacuo, and the 
residue (0.02 g) is purified by reverse phase chromatography (Merck RP1 8 silica gel, 
column diameter 1 .2 cm, length 6 cm, eluent: 60 % MeOH/H 2 0) and subsequent gel filtra- 
tion on Bio-Gel P2 (particle size 65 \w\, column diameter 2.5 cm, length 35 cm, water, flow 
rate 0.5 ml/min, detection at 215 nm), resulting in the target molecule B1.4 (0.014 g, 74 %) 
as a fluffy colourless solid (after lyophilization). 1 H NMR (500 MHz, D 2 0) 5 7.32 (m, 2H), 
7.24 (m t 3H), 4.93 (d, J=4,1 Hz, 1H), 4.57 (q, J=6.7 Hz, 1H), 4.40 (d, J=8.0 Hz, 1H), 3.9 - 
3.84 (m, 3H), 3.75 - 3.66 (m, 5H), 3.63 (dd, J=3.8, 14.0 Hz, 1H), 3.53 (br dd, J=4.5, 7.5 Hz, 
1H), 3.49 (dd, J=7.9, 9.6 Hz, 1H), 3.50 - 3.44 (m, 1H), 3.23 (dd, J=7.8, 14.0 Hz, 1H), 3.15 
(dd, J=3.2, 9.8 Hz, 1H), 2.88 (br t, J=7.3 Hz, 2H), 2.59 - 2.45 (m, 2H), 2.09 (m, 1H), 2.03 (m, 
1H), 1.67 (br s, 2H), 1.30 - 1.15 (m, 4H), 1.13 (d, J=6.6 Hz, 3H); MS (FAB) 666 (M+H), 643 
(M+H-Na). 

Example B5: Preparation of compound No. B1.5 




21 B1.5 
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(a) Preparation of the amide intermediate 21: diisopropylcarbodiimide (16 ml, 0.103 mmol, 
.s added with stirring at room temperature to a solution of the amine 16 (0 026 g 
0.027 mmol), sodium 4-hydroxybutyrate (0.010 g, 0.079 mmol). 1-hydroxybenzotiiazo.e 
(0 ,020 g. 0.148 mmo.) in a mixture of dry THF (1.0 ml) and DMF (0.2 ml,. After 4 hours 
ftirther DMF (dimeth^formamide, (0.2 m.) is added, and the mixture is stirred for a further 
13 hours. After the volatile constituents (induding DMF) have been distilled off under high 
vacuum, the residue (0.09 g) is purified by flash chromatography on silica gel (CH 2 cy 
MeOH 29:1), resulting in the amide 21 (0.02 g, 71 %). 

(b) Deprotection of 21: dioxane (2.0 m.), water (1.0 ml) and glacial acetic acid (0.5 ml, are 
added to a mixture of Pd(OH )a /C (Pearlman catalyst, Pd content 20%, 0.04 g) and the 
Wether 21 (0.036 g, 0.034 mmol, The flask is evacuated andflushed with argon seve- 

sChr e ; 7^ 

s ghfly elevated pressure of hydrogen with vigorous stirring for 18 hou*. The mixture is 
mtered through a ceHulose fitter (pore size 45 pm). and the filtrate is concentrated in vacuo 
THe residue is mixed with tduene (about 2 ml) and concentrated several times in order to " 
remove excese .acetic add. A solution of the crude Product (0.022 g) in a little water is then 
passed through an ion exchanger column (Dowex 50, Na* form, column diameter 0.9 cm 
length 3.5 cm), washing with deionized water. The filtrate is concentrated in vacuo and the 
rescue (0.02 g, is purified by ge, fittration on Bio-Gel P2 (particle size 65 pm, co,umn dia- 
meter 2.5 cm, length 35 cm, water, flow rate 0.5 ml/min, detection at 21 5 nm, and subse- 
quent reverse phase chromatography (Merck RP18 silica gel, column diameter 1 2 cm 
length 6 cm. eluent: MeOH/H 2 0 1:4), resu.ting in the target mo.ecu,e B1.5 (0.015 g 70 %) 
as a fluffy colourless solid (after lyophilization). 'H NMR (500 MHz, 0,0) 6 4 93 (d J=3 9 
Hz, 1H) 4^59 (q, J=6 .7 Hz. 1H), 4.47 (d. J= 7.5 Hz. 1 H), 4.04 (dd, J= 3. 8 . 7.3 Hz, 1H), 3.92 
«. ^=3.2 Hz. 1H). 3.86 (dd. J=3.4, 10.2 Hz. 1H). 3.75 (d, J=3.5 Hz. 1H). 3.74- 3 65 (m 4H) 
« (dd. J= ,9.14.0H,1H, 3.59-3.51 (m.2H). 3.55 ft 0*3 Hz. J*»!^ 
1H). 3.43 (dd, J=3.5, 9.8 Hz, 1H), 3.38 (dd. J=7.5. 14.0 Hz. 1H). 2.27 (t. J =7 4 Hz 2H) 211 

Hz. 3H). MS (FAB) 643 (M+H-Na). 620 (M+H), 598 (M+2H-Na). 
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Example B6: Preparation of compound No. B1.6 



PCT/EP96/02785 




14 B1.6 



Dioxane (2.0 ml), water (1.0 ml) and glacial acetic acid (0.5 ml) are added to a mixture of 
Pd(OH) 2 /C (Pearlman catalyst, Pd content 20%, 0.03 g) and the azide 14 (0.03 g, 
0.03 mmol). The flask is evacuated and flushed with argon several times. It is then flushed 
with hydrogen, and the black mixture is hydrogenated under a slightly elevated pressure of 
hydrogen with vigorous stirring for 16 hours. The mixture is filtered through a cellulose filter 
(pore size 45 nm), and the filtrate is concentrated in vacuo. The residue is purified by gel 
filtration on Bio-Gel P2 (particle size 65 \m\ 9 column diameter 2.5 cm, length 35 cm, water, 
flow rate 0.55 ml/min, detection 215 nm) and subsequent reverse phase chromatography 
(Merck RP18 silica gel, column diameter 1.2 cm, length 7 cm, eluent: 25 % MeOH/H 2 0), 
resulting in the target molecule B1.6 (0.011 g, 70 %) as a fluffy colourless solid (after lyo- 
philization). % H NMR (500 MHz, D 2 0) 5 4.93 (d, J=3.9 Hz, 1 H), 4.58 (q, J=6.7 Hz, 1 H), 4.48 
(d, J=7.9 Hz, 1H), 4.22 (dd t J=3.7, 8.4 Hz, 1H), 3.99 (d, J=3.1 Hz, 1H), 3.86 (dd, J=3.3, 9.9 
Hz, 1H), 3.75 (d, J=3.3 Hz, 1H), 3.74 - 3.65 (m, 4H), 3.61 - 3.55 (m, 2H), 3.50 (dd, J=3.0, 
9.3 Hz, 1H), 3.48 (m, 1H), 3.35 (dd, J=3.7, 12.9 Hz, 1H), 3.16 (dd, J=8.5, 13.5 Hz, 1H), 2.10 
- 2.00 (m, 2H), 1.65 (m, 2H), 1.29 - 1.15 (m, 4H), 1.14 (d, J=6.5 Hz, 3H); MS (FAB, THG) 
510 (M~H). 
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&caji]pjeB7: Preparation of compound No. B1.7 



B1.6 




B1.7 



The amine B1.6 (0.09 g, 0.176 mmo.) is dissolved in dry MeOH (1 5 ml) and CH C. ,1 a n 

^^^^^^^^ 

is concentrate ^ 

filtered «hZ^ . m " ^ ^ "* ^ C '°^ «**" * again 

Kered^ 

resulting in the target molecule B1.7 (0 03 0 27 *A « a «,.«, ... 
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Example B8 : Preparation of the compound No. B1.8 




HO OH 




OH 



B1.7 



B1.8 



A solution of the amino acid B1.7 (0.01 g, 0.0159 mmol) in 1 M aq. NaHC0 3 (0.1 ml) is 
cooled to 0°C and, while stirring vigorously, a 1 M solution of benzoyl chloride in benzene 
(16.0 fxl> is added. After 40 minutes, a further 8.0 jxl of the benzoyl chloride solution is 
added, after 130 minutes a further 3.0 \jd and after a total of 3.5 hours a further 1 .0 |tl. After 
a total of 4 hours, the reaction mixture is diluted with water and extracted with CH 2 CI 2 in 
order to remove the excess reagent. The aqueous phase is concentrated in vacuo, and the 
residue is purified by gel filtration on Bio-Gel P2 (particle size 65 urn, column diameter 
2.5 cm, length 35 cm, eluent: water, flow rate 0.49 ml/min, detection at 215 nm) and subse- 
quent reverse phase chromatography (Merck RP18 silica gel, gradient elution: 60 % MeOH/ 
H 2 0 to 70 % MeOH/H 2 0), resulting in the target molecule B1.8 (7.9 mg, 66 %) as a fluffy 
white solid (after lyophilization). *H NMR (500 MHz, D z O): 1.4:1 mixture of rotamers, charac- 
teristic signals: 8 7.52 - 7.24 (m, 10H, 2xPh), 6.71 (d, J=15.5 Hz, 0.42H, PhCH=CH), 6.42 
(dt, J=15.5, 6.1 Hz, 0.42H, PhCH=CH), 6.39 (d, J=15.5 Hz, 0.58H, PhCH=CH), 6.13 (dt, 
J=15.5, 5.6 Hz, 0.58H, PhCH=CH), 4.92 (d, J=4.0 Hz, 1H, Fuc-1H), 1.16 (d, J=7.0 Hz, 
1.26H, FUC-6H), 1.11 (d, J=6.8 Hz, 1.74H, Fuc-6H); MS (FAB, THG) 776 (M+Na), 754 
(M+H). 
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Example B9; Preparation of compound No. B1.9 



and No. B1.10 



B1.6 



co 2 H 

J OH 




CH, HO OH 
Ph 



OH 





OH 



N 

/\ 

CH 2 CH 2 HO OH 
Ph Ph 



HO 
B1.9 



OH 




OH 



HO° H 
B1.10 



A OWIi soluSon o. fresh* distilisd beraal deMe (0.083 , h ,.o m, CHA o., m, 
O-OTS^a^aA-nCecu^s^O., ^and^aceUca^SM. 

to a so,u8on °* *• amin ° acw b, - s <om * 0078 -«* - ^ 

CH« (1.1. 1.0 ml). Tha suspeos™, fe sarrsd at room tempetatura and. after 2 minutes 
hyde solut,on are added, and the mixture is stirred for a further hour Th. r* a 

men concenfratsd. Tha residue is pu^ad by 8 sf filtration c* Bio-Ga, P2 (parfcf. K 

2 7 5 ^^--^3 Sm ,a^ watt ,^^ 0 ,l^a, 
215 nm) and subsequent reverse phase chromatography (Merck RPia ^ nt ' * 

B ^ o -^-,Mao^,jarr;:rr^ 

81.9(0.020 9 , 4. % , and man of.hedibenz y lami„aB,.,0 (0.005 g 9%, 
Mc^en^mine „* •» NMR ,500 MHz, (*,, 6 7.4 5< s, 5H>, 4.03 (d. d=4.0 Hz. ,H, 
4.57 („, J=6 . 7 Hz. ,H). 4.45 ,d. J-7.6 Hz. 1H,, 4.33 (dd. J= 3. 8 . 8 8 Hz ,H. 4 28 « Ji„ 
HZ, ,H, 4*4 ,d, J= ,3.3 Hz, ,H,, 3.90 ( d. «, Hz. ,H, 3.85 dd « ^z 374 
•3.65 (m . 5H). 3.59 - 3.54 (m. 2H, 3.49 (dd, ,7 Hz, ,H . 3.4, ^^42 
0d.«.7, ,3.2Hz. t^,^, mH z. 1H,2.04,m 2H,., aaoTs » « 

Diamine B,.,0: 'H NMR (500 MHz. tw» : me signals of the 6 H oto the N ate very 
bfoadatroomfemperature «d4,0.3.60,4H and 3.12-2.67, 2H, 87.38 (a. ,0H>. 4 93 <d 
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J=4.0 Hz, 1H), 4.60 (q, J=6.6 Hz, 1H), 4.43 (d, J=8.0 Hz, 1H) f 4.23 (dd, J=3.6, 8.5 Hz f 1H), 
3.88 - 3.83 (m, 2H), 3.75 - 3.63 (m, 5H), 3.56 (dd, J=8.0 f 9.3 Hz, 1 H), 3.53 - 3.44 (m, 2H) ( 
3.32 (dd, J=3.0, 9.5 Hz, 1H), 2.13 - 1.98 (m, 2H), 1.66 (br s, 2H), 1.31 - 1.10 (m, 4H) t 1.14 
(d, J=6.6 Hz f 3H); MS (FAB, THG) 714 (M+Na), 692 (M+H). 

Example B10 : Preparation of compounds No. B1.11 and No. B1.12 



A 1 M CH 2 CI 2 solution of isobutyraldehyde (0.156 ml), activated 3A molecular sieves (0.2 g) 
and glacial acetic acid (10 0.17 mmol) are added to a solution of the amino acid B1.6 
(0.08 g, 0.156 mmol) in MeOH/ CH 2 CI 2 (1 :1 , 2.0 ml). The suspension is stirred at room tem- 
perature and, after one minute, NaBH 3 (CN) (0.016 g, 0.258 mmol) is added. After 
60 minutes, the reaction mixture is diluted with water and filtered through a cellulose filter 
(pore size 45 \im) 9 and the filtrate is adjusted to pH 8-9 with 1 M aqueous NaHC0 3 solution 
and then concentrated. The residue is purified by gel filtration on Bio-Gel P2 (particle size 
65 ^m, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.5 ml/min, detection 
at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica gel, gradient 
elution: 35 % MeOH/H 2 Q to 50 % MeOH/H 2 0), with elution first of the monoisobutylamine 
B1.11 (0.041 g, 46 %) and then of the diisobutylamine B1.12 (0.01 g, 10 %). 
Monoisobutylamine B1.11: % H NMR (500 MHz, D 2 0) 8 4.92 (d f J=4.0 Hz, 1H), 4.59 (q, J=6.7 
Hz, 1H), 4.47 (d, J=7.6 Hz, 1H), 4.29 (dd, J=4.0, 9.0 Hz, 1H), 3.98 (d, J=3.5 Hz, 1H), 3.85 
(dd, J=3.3, 10.0 Hz, 1H), 3.76 - 3.65 (m, 5H), 3.56 (dd, J=7.5, 9.3 Hz, 1H), 3.59 - 3.54 (m, 
1H), 3.50 (dd, J=3.0, 9.7 Hz, 1H), 3.50 - 3.43 (m, 1H), 3.34 (dd, J=3.9, 13.0 Hz, 1H), 3.20 
(dd, J=9.2, 13.2 Hz, 1H), 2.90 (dd, J=7.6, 12.0 Hz, 1H), 2.86 (dd, J=7.3, 12.0 Hz, 1H), 2.11 - 



B1.6 



3 3 HO° H H 3 C CH3H3C CH 3 ^OH 




B1.11 



B1.12 
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ml7ZT' ^ H2 ' 1H) ' 165 (m> 2H)> ^ 8 - 111 (m ' 4H) > «• hz, 

3H). 0.94 (d, J=6.6 Hz. 6H); MS (FAB, THG) 590 (M+Na), 568 (M+H) 
Diisobuty.amine B1.12: 'H NMR (500 MHz, 0,0) 6 4.92 (d, J=4.1 Hz, 1 H), 4.59 (q, J=6 7 Hz 
1H), 4.46 (d, J=7.1 Hz, 1H). 4.36 ft J=6.6 Hz, 1H), 4.02 (br s, 1H). 3.85 (dd. J=3.3, 10 3 Hz.' 
1H), 3.76 - 3.66 (m. (m, 5H). 3.57 (dd. J=4.7, 7.5 Hz, 1 H), 3.55 - 3.50 (m, 2H). 3 49 - 3 39 
(m, 3H), 3.07 (br s, 4H), 2.12 (non, J=6.8 Hz, 2H), 2.12-1 .99 (m. 2H), 1 .65 (br s, 2H) 1 28 - 

62^7' ^ 3H) ' 0 " J=6 8 12H); ^ (FAB ' 646 »*+ 

Example B11 : Preparation of compound No. B1.13 



COONa 

OH 



B1.11 



Ph ^X..7r^oH 



0H3 HO OH 



B1.13 



A 1 M so,ution of benzoy. chloride in toluene (41 pj) is added at room temperature to a solu- 
tion of the amino acid B1.11 (0.020 g, 0.0339 mmo.) in 1M aqueous NaHC0 3 (100 ui) The 
m,xture« stirred vigorously and. after 1 hour, further benzoyl chloride (41 pi of the 1 M solu- 
tion) Is added. After the reaction is complete, the volatile constituents are removed under 
h.gh vacuum, and the residue is purified by gel filtration on Bio-Gel P2 (particle s*e 65 pm 

column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.5 nWmin, detection at 
215 nrn) and su5sequent reveRSe phase chromatography ^ Rpi8 ^ 

45J MeOH/H 2 0) and then lyophilized. resulting In the benzamide B1 .13 as a fluffy powder 
(0-014 g. 59 %). 'H NMR (500 MHz. 0,0): 1 ., ro tamer mbcture: 8 7.50 - 7.37 (m 5H, 493 ' 
(d, J=4.0 HZ, 0.5H), 4.92 (d, J=4.0 Hz. 0.5H). 4.60 (q. J=6 . 4 Hz, 1H), 4.48 (d, jJs.O Hz " 

0 5H ' Z I"' 0 5H) ' 4 ^ J=4 5 ' 8 0 HZ ' °- 5H) ' 4 02 W J = 4 - 3 ' " Hz 

0.5H , .94(0 U=3. 2 HZ, 0.5H,. 3.89 - 3.83 (m. 1 .5H), 3.82 - 3.61 (m, 7H), 3.60 - 3.52 (m, 
1-5H). 3.51 - 3.43 (m. 2.5H). 3.25 (dd. J=7.9, 14.2 Hz, 0.5H), 3.20 (dd. J=7.9 14 2 Hz, 
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0.5H), 3.17 - 3.10 (m, 1H) ( 2.16 - 1.97 (m, 2.5H), 1.86 (non, J=6.9 Hz, 0.5H), 1.65 (br s, 2H), 
1.29-1.14 (m, 4H), 1.17 (d f J=6.4 Hz, 1.5H), 1.11 (d, J=6.6 Hz, 1.5H), 0.95 (d, J=6.5 Hz, 
1.5H), 0.92 (d, J=6.6 Hz, 1.5H), 0.65 (d, J=6.4 Hz, 1.5H), 0.65 (d, J=6.5 Hz, 1.5H); MS 
(FAB, THG) 716 (M+Na), 694 (M+H). 

Example B12: Preparation of compound No. B1.14 



A 1 molar solution of p-nitrobenzenesulfonyl chloride in toluene (43 jil) is added with 
vigorous stirring to a solution of the amino acid B1.6 (0.02 g, 0.039 mmol) in 1 molar 
aqueous NaHC0 3 solution (0.2 ml). The reaction mixture is stirred at room temperature for 
16 hours and then concentrated in vacuo. The residue is taken up in water (0.3 ml) and 
purified by gel filtration on Bio-Gel P2 (particle size 65 \m 9 column diameter 2.5 cm, length 
35 cm, eluent: water, flow rate 0.5 ml/min f detection at 215 nm). The crude product (0.025 
g) is further purified by two reverse phase chromatographies (Merck RP18 silica gel, 1st 
chromatography: elution with 50 % MeOH/H 2 0; 2nd chromatography: elution with 40 % 
MeOH/H 2 0) and subsequently lyophilized, resulting in the target compound as a fluffy 
powder (0.0105 g, 39 %). 1 H NMR (400 MHz, D 2 0) 5 8.39 (m, 2H), 8.07 (m, 2H), 4.93 (d, 
J=4.0 Hz, 1H), 4.56 (q, J=6.6 Hz, 1H), 4.43 (d, J=7.9 Hz, 1H), 3.96 (dd, J=3.5, 7.1 Hz, 1H), 
3.88 - 3.83 (m, 2H), 3.76 - 3.64 (m, 5H), 3.54 - 3.44 (m, 3H), 3.38 (dd, J=3.5, 13.7 Hz, 1H). 
3.33 (dd, J=3.2, 9.6 Hz, 1H), 3.19 (dd, J=7.3, 13.7 Hz, 1H), 2.05 (br t, J=13.4 Hz, 2H), 1.66 
(br s, 2H), 1.30 - 1.12 (m, 4H), 1.14 (d, J=6.6 Hz, 3H); MS (FAB, THG) 719 (M+Na), 697 
(M+H). 



COONa 



B1.6 




B1.14 
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Example B13 : Preparation of compound No. B1.15 



PCT/EP96/02785 



COONa 



B1.6 




B1.15 



A 1 molar solution of p-toluenesulfonyl chloride in toluene (22 nl) is added at 0°C with 
vigorous stirring to a solution of the amino acid B1.6 (0.01 g, 0.02 mmol) in 1 molar 
aqueous NaHC0 3 solution (0.1 ml). The reaction mixture is stirred at 0°C for 90 minutes, 
after which further p-toluenesulfonyl chloride (10 nJ of the.1 M solution) is added. The reac- 
tion mixture is then warmed to room temperature, stirred for 18 hours and then concentra- 
ted in vacuo. The residue is taken up in water and purified by gel filtration on Bio-Gel P2 
(particle size 65 urn, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 
0.5 ml/min, detection at 215 nm) and subsequent reverse phase chromatography (Merck 
RP18 silica gel, elution with 45 % MeOH/H z O) and subsequently lyophilized, resulting in the 
target compound as a fluffy powder (0.004 g, 30 %). % H NMR (400 MHz, DaO) 8 7.69 (d, 
J=8.2 Hz, 2H), 7.37 (d, J=8.1 Hz, 2H), 4.88 (d, J=3.9 Hz, 1H), 4.52 (q. J=6.6 Hz, 1H), 4.35 
(d, J=7.9 Hz, 1H), 3.85 - 3.78 (m. 2H), 3.74 (d, J=2,8 Hz, 1H), 3.71 - 3.56 (m, 5H), 350 - 
3.39 (m, 3H), 3.29 (dd. J=3.4. 13.8 Hz, 1H), 3.10 (dd, J=3.1, 9.6 Hz, 1H), 3.03 (dd, J=8.0, 
13.8 Hz, 1H), 2.34 (s. 3H), 2.08 - 1.93 (m, 2H), 1.61 (brs. 2H), 1.26 - 1.07 (m, 4H), 1.09 (d, 
J=6.6 Hz. 3H). 
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Example B14: Preparation of compound No. B1.16 



16 




C0 2 Bn 




OBn 




OH 



24 



B1.16 



Pentafluorophenyl trifluoroacetate (4.5 ml, 0.026 mmol) is added at room temperature with 
stirring to a solution of the isoserine derivative 16 (0.025 g, 0.026 mmol) and triethylamine 
(0.7 ml, 0.005 mmol) in DMF (100 ml). After 15 min, further pentafluorophenyl trifluoro- 
acetate (2.5 ml, 0.015 mmol) is added. 30 minutes later, further triethylamine (2.8 ml, 
0.02 mmol) and pentafluorophenyl trifluoroacetate (4.5 ml, 0.026 mmol) are added. The 
same amount of the latter reagent is added once again 20 minutes later. The mixture is 
stirred for a further 45 minutes and then saturated aqueous NaHC0 3 solution (0.2 ml) is 
added, and the mixture is diluted with water and extracted several times with ethyl acetate. 
The combined organic phases are dried (Na 2 S0 4 ), filtered and concentrated in vacuo. The 
crude product (0.04 g) is purified by flash chromatography on silica gel as eluent: ethyl 
acetate/toluene 1 :3), resulting in the trif luoroacetamide 24 (0.022 g, 83 %). 
Deprotection of 24: dioxane (1.4 ml), water (0.7 ml) and glacial acetic acid (0.35 ml) are 
added to a mixture of PdfOHyc (Pearlman catalyst, Pd content 20 %, 0.02 g) and the 
benzyl ether 24 (0.021 g, 0.021 mmol). The flask is evacuated and flushed with argon 
several times. It is then flushed with hydrogen, and the black mixture is hydrogenated under 
slightly elevated pressure for 3.5 hours. The reaction mixture is filtered through a cellulose 
filter (pore size 45 fim), and the filtrate is concentrated in vacuo. A solution of the residue in 
a little water is passed through an ion exchanger column (Dowex 50, Na + form, column dia- 
meter 0.9 cm, length 3.5 cm), washing with deionized water. The filtrate is concentrated in 
vacuo, and the residue is purified by gel filtration on Bio-Gel P2 (particle size 65 urn, column 
diameter 2.5 cm, length 35 cm, water, flow rate 0.5 ml/min, detection at 215 nm) and subse- 
quent reverse phase chromatography (Merck RP18 silica gel, column diameter 1.2 cm, 
length 7 cm, gradient elution: 30 % MeOH/H 2 0 to 40 % MeOH/H 2 0), resulting in the target 
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molecule B1.16 (0.0085 g, 68 %) as a fluffy colourless solid (after lyophilization). 'H NMR 
(500 MHz, D 2 0) S 4.93 (d. J=3.9 Hz, 1H), 4.59 (q, J=6.5 Hz, 1H), 4.45 (d, J=8.2 Hz, 1H). 
4.08 (dd, J=3.4, 8.2 Hz, 1H), 3.91 (d, J=3.1 Hz, 1H), 3.86 (dd, J=3.1, 10.0 Hz. 1H). 3.75 (d 
J=3.1 Hz, 1H), 3.72 (dd, J=3.9, 10.0 Hz, 1H), 3.73 - 3.65 (m, 4H). 3.61 - 3.50 (m. 3H), 3.50 - 
3.44 (m, 1H), 3.42 (dd, J=3.1, 9.6 Hz, 1H). 2.10 - 2.00 (m. 2H), 1.65 (m. 2H), 1.28 - 1.15 (m. 
4H), 1.14 (d, J=6.5 Hz, 3H); MS (FAB, THG) 652 (M+Na), 630 (M+H). 608 (M+2H-Na). 



Example B15: Preparation of compound No. B1.17 



16 




NH 



OH 



HO OBn 




OBn 



BnO 




OH 



HO OH 




26 



B1.17 



(a) Preparation of the amide 26. Diisop ropy lcamodiimide(17 ml, 0.11 mmol) is added at 
room temperature with stirring to a mixture of the amine 16 (0.027 g, 0.028 mmol), cycto- 
hexanecarboxylic acid (0.01 1 g, 0.086 mmol). 1-hydroxybenzotriazole (0.021 g. 

0.155 mmol) and dry THF (0.9 ml). After 20 minutes, dry DMF (0.4 ml) is added, and the 
mixture is stirred for a further hour. The reaction mixture is concentrated in vacuo, and the 
remaining DMF removed under high vacuum. The residue is purified by flash chromatogra- 
phy on silica gel (CH 2 Cl^sopropanol 39:1). resulting in the amide 26 (0.024 g. 80 %). 

(b) Deprotection of 26: dioxane (2.0 ml), water (1.0 ml) and glacial acetic acid (0.5 ml) are 
added to a mixture of PdfOHyc (Peariman catalyst. Pd content 20%. 0.03 g) and the 
benzyl ether 26 (0.024 g. 0.022 mmol). The flask is evacuated and flushed with argon 
several times. It is then flushed with hydrogen, and the black mixture is hydrogenated under 
slightly elevated pressure for 18 hours. The reaction mixture is filtered through a cellulose 
filter (pore size 45 um). and the filtrate is concentrated in vacuo. A solution of the residue in 
a little water is passed through an ion exchanger column (Dowex 50, Na + form, column 
diameter 0.9 cm, length 3.5 cm), washing with deionized water. The filtrate is concentrated 
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in vacuo, and the residue is purified by gel filtration on Bio-Gel P2 (particle size 65 urn , 
column diameter 2.5 cm, length 35 cm, water, flow rate 0.5 ml/min, detection at 215 nm) 
and subsequent reverse phase chromatography (Merck RP18 silica gel, column diameter 
1 .2 cm, length 6 cm, eluent: MeOH/H 2 0 3:2), resulting in the target molecule B1.17 
(0.008 g, 56 %) as a fluffy colourless solid (after lyophilization). *H NMR (500 MHz, D 2 0) 8 
4.93 (d, J=4.0 Hz, 1H), 4.60 (q, J=6.7 Hz, 1H), 4.47 (d, J=8.0 Hz, 1H), 4.04 (dd, J=3.8, 7.5 
Hz, 1H), 3.92 (d, J=2.8 Hz, 1H), 3.86 (dd, J=3.2, 10.3 Hz, 1H), 3.75 (d, J=3.3 Hz, 1H), 3.74 - 
3.64 (m, 4H), 3.61 (dd, J=3.8, 1 3.8 Hz, 1 H), 3.59 - 3.52 (m, 2H), 3.50 - 3.44 (m, 1 H), 3.42 
(dd, J=3.3, 9.8 Hz, 1H), 3.35 (dd, J=7.7, 14.0 Hz, 1H), 2.19 (tt, J=3.3, 11.5 Hz, 1H), 2.11 - 
2.00 (m, 2H), 1.78 - 1.57 (m, 7H), 1.34 - 1.08 (m. 9H), 1.15 (d, J=6.5 Hz, 3H); MS (FAB, 
THG) 644 (M + H), 622 (M+ 2H - Na). 

Example B16: Preparation of the compound B1.18 



A solution of the triol 13 (0.129 g, 0.17 mmol) in dry MeOH (4.0 ml) and di-n-butyltin oxide 
(0.064 g, 0.258 mmol) is boiled under reflux in an argon atmosphere for 2 hours. The clear 
solution is concentrated in vacuo, and the residue is mixed with pentane (2 ml), again con- 
centrated and then dried under high vacuum for 30 minuten in order to remove remaining 
MeOH. The residue is mixed under an argon atmosphere with dry CsF (0.131 g, 0.86 mmol, 
weighed under argon) and dry 1 ,2-dimethoxyethan (0.5 ml) followed by a solution of benzyl 
(R)-4-phenyl-2-trifluoromethanesulfonyloxybutyrate (A2) (0.3 g, 0.861 mmol) in dry 1,2-di- 
methoxyethane (1.0 ml). The reaction mixture is stirred at room temperature for 75 minutes 
and 1 M of aqueous KH 2 P0 4 is added, and the mixture is diluted with water and extracted 
with ethyl acetate (phase separation is facilitated by adding a little aqueous KF solution). 
The organic extracts are combined, dried with Na 2 S0 4 , filtered and concentrated in vacuo, 



a) 




30 
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resulting in the crude product as an oil (0.39 g). Purification by flash chromatography on 
silica gel (eluent: toluene/ethyl acetate 5:1) results in the pure ether 30 (0 143 g 81 %) ' H 
NMR (250 MHz, CDC 3 ) 5 7.35 - 7.05 (m. 30H), 5.13 (d, J=12.1 Hz, 1H), 5.03 (d,'j=12 1 Hz 
1H). 4.88 (d, J=1 1.4 Hz. 1H). 4.87 (d. J=2.0 Hz. 1H). 4.78 - 4.50 (m, 5H), 4 46 (d J-12 5 
Hz. 1H). 4.40 (d. J=12.5 Hz. 1H). 4.33 (q. J=6.5 Hz. 1H), 4.24 (d, J=7.8 Hz. 1H) 4 09 (dd 
J=4.0, 8.5 Hz, 1H), 3.93 (br s, 2H), 3,80 - 3.38 (m. 7H), 3.26 - 3.17 (m. 2H), 2.86 - 2 62 (m 
2H), 2.59 (d. J=2.0 Hz. 1 OH). 2.29 (brs. 1 OH). 2.11 - 1.85 (m. 4H). 1.67 - 1.52 (m 2H) ' 
1.40 - 1.06 (m.4H). 1.03 (d.J=6.5 Hz. 3H). ' . 



30 



b) 



OH 




The benzyl ether 30 (0.14 g. 0.135 mmol) is dissolved in dioxane (4 ml) and water (2 ml) 
glacial acetic acid (1 ml) and 20% Pd(OH )2 /C (0.14 g, are added.The air in the reaction ' 
vessel is rep.aced initially by argon, by evacuation and flushing several times, and then by 
hydrogen. The black reaction mixture is hydrogenated under a slightly elevated pressure of 
hydrogen for 90 minutes and then filtered through a cellulose filter (pore size 45 ,xm) 
washing with water. The filtrate is concentrated, and the residue is taken up in toluene and 
concentrated several times in order to remove remaining acetic acid. The crude product 
(0.095 g) is dissolved in a little water and filtered through a DowexSO (Na*) ion exchanger 
column. The filtrate is freeze-dned and the residue (0.085 g) is purified by reverse phase 
chromatography (Merck RP18 silica gel. elution: 40 % MeOH/H 2 0) and subsequent gel 
filtration on Bio-Gel P2 (particle size 65 um. column diameter 2.5 cm, .ength 35 cm eluent 
water, flow rate 0.5 ml/min, detection at 215 nm) and then lyophilized, resulting in the target 
compound B1.18 as a fluffy powder (0.045 g. 55 %). 1 H NMR (500 MHz, D 2 0) 8 7 35 - 7 27 
(m, 4H). 7.22 (tt. J=1.5. 7.0 Hz. 1H). 4.93 (d. J=4.0 Hz. 1H). 4.60 (q. J= 6 .7 Hz. 1H), 4.47 (d 
J=7.8 Hz, 1H), 3.89 - 3.82 (m. 3H). 3.76 (d. J=3.5 Hz. 1H). 3.74 - 3.63 (m. 4H). 3.59 - 3 52 ' 
(m. 2H). 3.51 - 3.45 (m, 1H). 3.37 (dd. J=3.5. 9.8 Hz. 1H). 2.80 - 2.68 (m. 2H) 2 12 - 1 99 



WO 97/01569 



PCT/EP96/02785 



-67- 

(m, 3H), 1.98 - 1.89 (m, 1H), 1.65 (br s, 2H), 1.30 - 1.13 (m, 4H), 1.15 (d, J=6.6 Hz, 3H); MS 
(FAB, THG) 609 (M+Na), 587 (M+H). 

Example B17 : Preparation of the compound No. B1 .1 9 



B1.18 




B1.19 

The aromatic compound B1.18 (0.02 g, 0.033 mmol) is dissolved in water (1.8 ml), dioxane 
(1.2 ml), glacial acetic acid (0.3 ml), and 5% Rh/Al 2 0 3 (0.04 g) is added. The air in the reac- 
tion vessel is replaced by hydrogen by evacuation and flushing several times, and the mix- 
ture is hydrogenated under a slightly elevated pressure of hydrogen with vigorous stirring 
for 1 .5 days. It is then filtered through a cellulose filter (pore size 45 \xm) and washed with 
water, the filtrate is concentrated, and the residue is taken up in toluene and concentrated 
several times in order to remove remaining acetic acid. The crude product is purified by gel 
filtration on Bio-Gel P2 (particle size 65 nm, column diameter 2.5 cm, length 35 cm, eluent: 
water, flow rate 0.5 ml/min, detection at 215 nm) and then hydrogenated again under the 
above conditions for 2 days. The reaction mixture is then filtered through a cellulose filter 
(pore size 45 \im) and washed with water, and the filtrate is concentrated, after which the 
residue is taken up in toluene and concentrated several times. The crude product is purified 
by gel filtration on Bio-Gel P2 (particle size 65 urn, column diameter 2.5 cm, length 35 cm, 
eluent: water, flow rate 0.5 ml/min, detection at 215 nm) and subsequent reverse phase 
chromatography (Merck RP18 silica gel, elution: 50 % MeOH/H 2 0) and subsequently lyophi- 
lized, resulting in the target compound B1.19 as a fluffy powder (0.01 g, 50 %). 1 H NMR 
(250 MHz, D z O) 5 4.83 (d, J=4.0 Hz, 1H), 4.48 (q, J=6.7 Hz, 1H), 4.35 (d f J=7.8 Hz, 1H), 
3.81 - 3.69 (m, 3H), 3.67 - 3.53 (m, 5H), 3.49 - 3.31 (m, 3H), 3.25 (dd, J=3.1, 9.7 Hz, 1H), 
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2.03 - 1.87 (m, 2H), 1.72 - 1.38 (m, 9H), 1.24 - 0.97 (m, 10H), 1.04 (d, J=6.6 Hz, 3H), 0.75 
(brs, 2H); MS (FAB, THG) 615 (M+Na), 593 (M+H). 

Example B18: Preparation of the compound B1.38 



COONa 

B1.11 - °f* 



.1 I 



H 3 C ^CH 3 




A solution of p-nitrobenzenesulfonyl chloride in toluene (1 M, 150pl) is added to a solution 
of amino acid B1.11( 0 .035 g, 0.0617 mmol) in 1 molar aqueous NaHC0 3 solution (315 pi) 
The mixture is vigorously stirred at room temperature and, after 17 hours, further /^nitro- 
benzenesulfonyl chloride solution (120 pi) is added. The reaction mixture is stirred for a 
further 24 hours, then diluted with water and washed twice with ethyl acetate. The aqueous 
Phase ,s concentrated to a volume of 0.5 ml in vacuo, and this solution is purified by gel fil- 
tration on Bio-Gel P2 (particle size 65 pm, column diameter 2.5 cm, length 100 cm, eluenf 
water, flow rate 0.5 ml/min, detection at 215 nm). The crude product (0.06g) is then further 
punfied by reverse phase chromatography three times (Merck RP 18 silica gel, elution: 40% 
MeOH/H 2 0) and then lyophilized, resulting in the sutfonamide B1.38 (0.013 g. 27%) as a 
colourless fluffy powder. 'H NMR (400 MHz, D 2 0) 5 8.34 (m,2H), 8.05(m, 2H), 4.88 (d, 
J=4.0Hz, 1H), 4.53 (q,J=6.5Hz, 1H), 4.38 (d, J=7.9 Hz, 1H) 4.06 (dd, J=3.9, 8 2 Hz 1H) 
3.84-3.79 (m, 2H). 3.70 (d, J=3.0 Hz, 1H), 3.67 (dd, J=3.9, 10.4 Hz, 1H), 3.69 - 3 58 (m 
3H), 3.57 - 3.38 (m, 5H) 3.25 (dd, J=3.2, 9.5 Hz, 1H) 3.10 (dd. J=7.7, 14.1 Hz, 1H) 3 05 (dd 
J=7.7, 14.1 Hz, 1H), 2.07-1.94 (m, 2H) 1.89 (hep, J=6.7 Hz, 1H), 1.61 (brs. 2H) 1 25 -1 07 
(m, 4H), 1.10 (d. J=6.6 Hz. 3H) 0.70 (d, J=6.6 Hz, 3H), 0.63 (d, J=6.6Hz, 3H). 

The following compounds are prepared in analogy to the above examples: 
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Tablel: 



C0 2 R 3 



R *^^ OH 

HO ^OH J 

H 3 C "^2^0H 
|OH 
OH 



Preparation 
according to 
Example No. 


Compound No. 


R 3 


R4 


FAB-MS 
THG 


B15 


B1.20 


Na 


CH2NHC(0)C„H 23 


716<M*H) 










738{M+Na) 


B15 


B1.21 


Na 


CH2NHC(0)CH(C6H 5 )2 


728(M*H) 










750(M+Na) 


B12 (1) . 


B1.22 


Na 


CH2NHC(0)C2H 4 C0 2 Na 


656(M+H) 










678{M + Na) 


B15 


B1.23 


Na 


CH 2 NHC(0)C6[(1 ,3,4,5)OH] 4 H 7 


708(M+H) 








quinamide 


730(M+Na) 


B15 


B1.24 


Na 


CH 2 NHC(0)C 6 H4 -p-SO a Na 


740(M+H) 










762(M+Na) 


B12 


B1.25 


Na 


CH 2 NHC(0)C 6 H4CI 


672{M+H) 










694{M+Na) 


B12 


B1.26 


Na 


CH 2 NHC(0)C 6 H 4 N0 2 


683{M+H) 






t 




705<M+Na) 


B12 


B1.27 


Na 


CH 2 NHC(0)C 6 H 4 OCH 3 


668<M+H) 










690(M+Na) 


B12 


B1.28 


Na 


CH 2 NHC(0)C6H 4 (3,4)CI 2 


706(M+H) 










726(M+Na) 


B12 


B1.29 


Na 


CH 2 NHC(0)C 6 H 4 CH 3 


652{M+H) 










674(M+Na) 


B12 (2) 


B1.30 


Na 


CH 2 NHC(0)C6H 4 C 6 H 5 


714(M+H) 










736<M+Na) 
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Preparation 


Compound No. 


R 3 


R4 


FAB-MS 


according to 








THG 


Example No. 










B12< 3 > 


B1.31 


~Na " 


CHzNHCfOJCs^CN 


685(M*Na) 


B12 


B1.32 


Na 


CH 2 NHC(O)C 10 H 7 


688(M+H) 


B12 w 








710(M+Na) 


B1.33 


Na 


CH 2 NHC(0)C6H 4 COONa 


704(M*H) . 


812^ ; 








726(M»Na) 


B1.34 


Na 


CH 2 NHC(0){CHOH) 2 CCX)Na 


688(M*H) 
7IO(M*Na) 


B11 


B1.35 


Na 


CHaNfCCOJCeHsJCHAiHs 


728<M*H) 
7S0(M+Na) 


B11 


B1.36 


Na 


CH 2 N[C(0)C 6 H s ](CH 2 ) 3 C 6 H s 


7S6(M*H) 


B15 (6 > 








778<M+Na) 


B1.37 


Na 


CH 2 NHS0 2 CF 3 


666<M+H) 
688(M+Na) 



(1) 



(2) 



P) 



using a solution of succinic anhydride in DMF as reagent 
using a solution of pentafluorophenyl biphenylcarboxylate in dioxane as reagent 
using a solution of pentafluorophenyl p-cyanobenzoate in dioxane as reagent 
using a solution of methyl pentafluorophenyl terephthalate in dioxane as reagent. After 
completion of amide formation, 1 M aqueous NaOH is added to the reaction mixture, which 
is heated at 65°C until hydrolysis of the methyl ester is complete. 
(5) 1 M NaOH is used in place of 1 M NaHCOa- A solution of (+)-di-0-acetyl-L-tartaric an- 
hydride in dioxane is used as reagent. 

(6> The formation of the amide takes place in CH 2 CI 2 at 0°C using trifluoromethanesulfonic 
anhydride as reagent. 
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Example B19: Preparation of compound No. B1 .39 




A suspension of 13 (0.086 g, 0.1 1 mmol) and di-n-butyltin oxide (0.05 g, 0.19 mmol) in dry 
benzene (3.3 ml) is boiled under reflux in an argon atmosphere for 12 hours. The reaction 
mixture is concentrated in vacuo and dried under high vacuum for one hour. Then CsF 
(dried under high vacuum at 300°C for several hours, 0.042 g, 0.274 mmol) is added under 
an argon atmosphere, followed by dry 1 ,2-dimethoxyethane (0.6 ml) and a solution of triflate 
A3 (0.25 g, 0.66 mmol) in dry 1 ,2-dimethoxyethane (0.4 ml). The reaction mixture is heated 
to 35 to 40°C and stirred at this temperature for 5 hours. Then a solution of 15% KF in 1M 
aqueous KH 2 P0 4 solution (30 ml) is added, and the mixture is extracted three times with 
CH 2 CI 2f and the combined organic phases are dried (Na 2 S0 4 ), filtered and concentrated in 
vacuo. The oily residue (0.16 g) is purified by column chromatography on silica gel (gradient 
elution: toluene/ethyl acetate 80:20 to 75:25, then CHj^Cfe/MeOH 19:1), resulting in the ether 
31 (0.049 g, 44 %) as a colourless foam and the precursor 13 (0.035 g, 40 %). 




31 B1.39 



Dioxane (2.0 ml), water (1.0 ml) and glacial acetic acid (0.5 ml) are added to a mixture of 
Pd(OH)2/C (Pearlman catalyst, Pd content 20%, 0.028 g) and the benzyl ether 31 (0.048 g, 
0.047 mmol). The flask is evacuated and flushed with argon several times. It is then 
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flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly ele- 
vated pressure of hydrogen at room temperature for 17 hours and then filtered through a 
cellulose filter (pore size 45 urn). The filtrate is concentrated in vacuo, and the residue is 
taken up with water and concentrated again several times in order to remove excess acetic 
acd. A solution of the residue in water is passed through a Dowex50 ion exchange column 
(Na* form, diameter of the column 0.9 cm, length 3.5 cm) washing with deionized water The 
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particle 
size 65 urn, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min 
detection at 230 nm) and subsequent reverse phase chromatography (Merck RP18 silica 
gel. elution with 7:3 H 2 0/methanol), resulting in the target molecule B1.39 (0.014 g, 51 %) 
as a fluffy white solid (after lyophilization): 'H NMR (400 MHz. D 2 0) 6 4.83 (d J=4 o Hz 
1H). 4.49 (q. J=6.6 Hz. 1H). 4.33 (d, J=7.7 Hz. 1H). 3.74 (d. J=3.1 Hz, 1H), 3^22 (dd J-2 6 
9-5 Hz, 1H); *C NMR (100.6 MHz. 0,0) 8 181.5 ( Cq ). 100.2 (CH). 95.7 (CH); MS (FAB ' ' 
THG) 609 (M+Na), 587 (M+H). 

Example B20 : Preparation of compound B 1.40. 



OH 



COOBn 




13 



A4 



32 



The coup,*, of the alooho.,3 w«h toe Wh«e A4 is owed ou, ,„ aceo^ce w m Bcampie 
B19 (preparation of compound 31). 
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32 B1.40 



The hydrogenation of the benzyl ether and subsequent purification is carried out in 
accordance with Example B19 (preparation of compound B1.39): ? H NMR (400 MHz, D 2 0) 5 
4.88 (d f J=4.1 Hz, 1H), 4.53 (q, J=6.7 Hz, 1H), 4.39 (d, J=7.7 Hz, 1H), 3.29 (dd, J=2.9, 
9.8 Hz f 1H), 1.10 (d, J=6.8 Hz, 3H), 0.89 (d, J=6.8 Hz, 3H), 0.82 (d, J=6.8 Hz, 3H). 

Example B21 : Preparation of compound B1.41 




33 34 



The hydroxypiperidine (6.0 g, 34.6 mmol, prepared from D-(-)-lyxose in accordance with 
Ichikawa and Igarashi [Ichikawa, Y. f Igarashi, Y., Tetrahedron Letters 36:4585-4586 (1995)] 
and triethylamine (18.1 ml, 130 mmol) are dissolved in dry tetrahydrofuran (100 ml) and the 
solution is cooled to -10°C under an argon atmosphere. Aliyl chloroformate (3.87 ml, 
36.4°mmol) is slowly added over the course of one hour, a white suspension being formed. 
The reaction mixture is stirred at -10°C for a further hour, then 1M aqueous KH 2 P0 4 solution 
(150 ml) is added, and the mixture is extracted three times with CH 2 CI 2 . The combined 
organic phases are dried (Na 2 S0 4 ) and concentrated in vacuo, resulting in a yellow oil (9 g). 
Purification by column chromatography on silica gel (hexane/ethyl acetate 1:1) results in the 
allyl carbamate 34 (7.66 g, 86 %). 
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HO 

34 



J OBn 

35 



.ha suspense is snrred a, room , em p erature (or „„ tour ,„ ' _ 

,o„ o, OMTST „5.4 9 , « mmol) ^ 4A ^ ^ 

ma solute, of tha accaptor. and lha mixture is then stirred tor ^ hour _ 

Itmes w«h OH**, and tha combined organic phasaa are driad (N^SOJ BrteIed and 
-canned ,n «.cuo.Thare m a,n^ y a.„w^ ( 36 0)i ap lrtI « lby ^ 



B,W UDn I / " 

BzO 080 

35 



36 



parerere 50 A aquaaoa WuoreaaeBc acid (250 mllisadded. After 2 houre tha reaction 
^apf V ona,,,oa 9 a, W ace a ,en,axana 2: ,,re S u^,„ m adio,360,, 2 3 0 . 90 7 
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O 




37 



A mixture of the diol 36 (1 1 .63 g, 14.88 mmol), tetra-n-butylammonium bromide (12.7 g, 
39.4 mmol) and 4A molecular sieves (dried under high vacuum at 300°C 22 g) is dried 
under high vacuum for 30 minutes and then, under an argon atmosphere, dry CH2CI2 
(62 ml) and dimethylformamide (36 ml) are added. The grey suspension is stirred at room 
temperature for 30 minutes. In parallel with this, a solution of ethyl -2,3,4-tri-Obenzyl- 
1-thio-L-fucopyranoside (7.48 g, 15.62 mmol, prepared by the method of Lonn [Lonn, H. 
Carbohydr. Res. 139:105-1 13 (1985)] in dry CH 2 CI 2 (49 ml) is prepared under an argon 
atmosphere in a second round-bottomed flask and, at 0°C, a bromine solution (2.85 g Br 2 , 
17,84 mmol) in CH 2 CI 2 (25 ml) is added. The red solution is stirred at 0°C for 30 minutes, 
and the excess bromine is destroyed by adding a few drops of cyclohexene. This solution is 
then added using a needle to the solution of the acceptor, and the reaction mixture is stirred 
at room temperature for 40 hours. The reaction mixture is then filtered through Hyflo Super 
Cel® and thoroughly washed with CH 2 CI 2 , and the filtrate is washed with 10 % aqueous 
NaHC0 3 solution. The aqueous phase is reextracted three times with CH 2 CI 2 , and the com- 
bined organic phases are dried (Na 2 S0 4 ), filtered and concentrated in vacuo. The residue is 
purified by column chromatography on silica gel (ethyl acetate/hexane 35:65), with the 
required product 37 (7.85 g, 44 %) being eluted. 
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BzO 



37 



Bn0 OBn 



38 



A solution of the ester 37 (2.4 g, 2.0 mmol) and sodium methoxide (0.1 1 g 2 0 mmol) in 
the trio. 38 (1.72 g, 97 %) CH^methanol 98:2 to 95:5), resulting in 




38 



Bn0 OBn 



39 



oonzon© (33 ml) is boilod undor reflux in fin argon atmosphere for 5 hourc tk 
temperature tor 3 hours. Then a solution of 15% kr * 

ooon, )feadded . MdftemMure ;r,:;::::r c : c :a^ h 
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(3.2 g) is purified by column chromatography on silica gel (elution: toluene/ethyl acetate 
70:30), resulting in the ether 39 (0.98 g, 78 %) as a colourless foam. 




B1.41 



Dioxane (3.5 ml), water (1.7 ml) and glacial acetic acid (0.25 ml) are added to a mixture of 
Pd(OH) 2 /C (F riman catalyst, Pd content 20%, 0.035 g) and the benzyl ether 39 (0.038 g, 
0.034 mmoi). The flask is evacuated and flushed with argon several times. It is then 
flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly ele- 
vated pressure of hydrogen at room temperature for 24 hours and then filtered through a 
cellulose filter (pore size 45 pm). The filtrate is concentrated in vacuo, and the residue is 
taken up with water and concentrated again several times in order to remove excess acetic 
acid. A solution of the residue in water is passed through a Dowex50 ion exchange column 
(Na* form, diameter of the column 0.9 cm, length 3.5 cm) washing with deionized water. The 
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particle 
size 65 pm, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, 
detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica 
gel, gradient elution: H 2 0/methanol 65:35 to 55:45), resulting in the target molecule B1.41 
(0.014 g, 59 %) as a fluffy white solid (after lyophilization): 'H NMR (500 MHz, D 2 0, +50°C) 
6 7.58 - 7.53 (m, 4H). 7.51 - 7.46 (m, 1H), 5.22 (d. J=4.0 Hz, 1H). 4.57 (d. J=7.6 Hz, 1H), 
4.56 (q, J=6.4 Hz, 1 H), 4.33 (dd, J=4.2. 8.6 Hz, 1H), 4.30 (dt, J=6.3, 3.2 Hz, 1H), 3.66 (dd, 
J=8.0, 9.4 Hz. 1H). 3.59 (dd, J=3.0, 13.8 Hz, 1H). 3.33 (dd, J=4.2. 14.0 Hz. 1H), 3.13 (dd. 
J=9.0. 14.0 Hz. 1H), 1.82 (sex, J=6.9 Hz, 2H), 1.36 (d, J=6.4 Hz. 3H). 1.10 (t, J=7.5 Hz, 3H); 
MS (FAB, NBA) 720 (M+Na), 698 (M+H). 
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Example BP?; Preparation of compound B1.42. 
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OH 



HO 




OH X 



38 



r 




OBn 



A* 



COOBn O 
%L /° H OH I 



40 



A suspension of 38 (0.65 g, 0.73 mmol) and di-o-butyltn oxide (0.32 g, 1.28 mmoi) in dry 
benzene (22 mi) is boiled under reflux in an argon atmosphere for 16 hours. The reaction 
m,xture is concentrated in vacuo and dried under high vacuum for one hour. Then CsF 
(dned underhigh vacuum at 300'C for severe, hours, 0.28 g, 1.83 mmoi) is added under an 
argon atmosphere, foliowed by dry 1 ,2-dimethoxyethane (4.0 ml) and a solution of the 
inflate AS (1.74 g. 4.4 mmol) in dry 1,2-dimethoxyethane (2.7 ml). The reaction mixture is 
heated to 35 to 40'C and stirred at this temperature for 3 hours. Then a solution of 15% KF 
■n 1M aqueous KH 2 P0 4 solution (100 mL). is added, and the mixture is extracted three 
tomes wrth CH2CI2. and the combined organic phases are dried (Na^O,). filtered and con- 
centrated in vacuo. The oily residue (2.6 g) is purified by column chromatography on silica 
gel (eiution: toluene/ethyl acetate 3:1. then CH^methano. 19:1) resulting in the ether 40 
(0.33 g. 40 %) as a colourless foam, and partial recovery of the precursor 38 (0 167 a 
26%). a * 



COOBn 



OH 



■i —won | 



40 



COONa O 




B1.42 
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Dioxane (1.2 ml), water (0.6 ml) and glacial acetic acid (0.3 ml) are added to a mixture of 
Pd(OH) 2 /C (Pearlman catalyst, Pd content 20%, 0.025 g) and the benzyl ether 40 (0.036 g, 
0.032 mmol). The flask is evacuated and flushed with argon several times. It is then flushed 
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated 
pressure of hydrogen at room temperature for 8 hours and then filtered through a cellulose 
filter (pore size 45 urn). The filtrate is concentrated in vacuo, and the residue is taken up 
with water and concentrated again several times in order to remove excess acetic acid. A 
solution of the residue in water is passed through a DowexSO ion exchange column (Na* 
form, diameter of the column 0.9 cm, length 3.5 cm) washing with deionized water. The 
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particle 
size 65 jim , column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, 
detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica 
gel, elution: H 2 0/methanol 1:1), resulting in the target molecule B1.42 (0.009 g, 41 %) as a 
fluffy white solid (after lyophilization): 1 H NMR (400 MHz, D 2 0) 8 5.09 (d, J=3.7 Hz, 1H), 
4.58 - 4.46 (m, 2H), 3.94 (d, J=2.2 Hz, 1H), 3.58 (t, J=8.4 Hz, 1H), 3.43 (dd, J=1.8, 9.5 Hz, 
1H), 1.83 (d, J=12.2 Hz, 1H), 1.23 (d, J=6.7 Hz, 3H), 0.95 (t, J=7.6 Hz, 3H); 13 C NMR (100.6 
MHz, D 2 0) 5 183.0 (CJ, 101.6 (CH), 98.0 (CH); MS (FAB, THG) 704 (M+H). 
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Example B23: Preparation of compound B1.43. 
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BnO 
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BnO 
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+ HO 
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OBn 



OBn 



41 



46 



Movhoto.0.1 ml) and Pd(PPh 3 ) 4 (0.071 g, 0.062 mmol) are added to a solution of the 
allyl carbamate 39 (0.695 g, 0.618 mmol) in tetrahydrofuran (8.5 ml). After exactly 15 
minutes the solution is concentrated and the residue is dried under high vacuum for one 
hour. Purification of the residue by column chromatography on silica gel (eluenf CHKV 
methanol 985, contains 0.3 % concentrated aqueous ammonia solution) gives initially the 
less polar allylamine 46 (0.24 g, 36 %) followed by the more polar piperidine 41 (0 39 g 
60%). y ' 
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41 42 



Pyridine (5 pi, 0.06 mmol) and acetic anhydride (1,8 \i 1, 0.04 mmol) are added under an 
argon atmosphere to a solution of the piperidine derivative 41 (0.035 g, 0.0336 mmol) in dry 
CH 2 CI 2 (0.6 ml) at 0°C. The solution is stirred at 0°C for 45 minutes and then washed with 
5% aqueous NaHC0 3 solution, and the aqueous phase is reextracted three times with 
CH 2 CI 2 .The combined organic phases are dried with Na 2 S0 4 . filtered and concentrated in 
vacuo. The residue (0.05 g) is purified by column chromatography on silica gel (eluent: ethyl 
acetate/hexane 4:1), resulting in the acetylpiperidine 42 (0.033 g, 91 %) as a colourless 
foam. 




42 B1.43 



Dioxane (1.4 ml), water (0.7 ml) and glacial acetic add (0.35 ml) are added to a mixture of 
Pd(OH)2/C (Peariman catalyst, Pd content 20%, 0.03 g) and the benzyl ether 42 (0.04 g, 
0.037 mmol). The flask is evacuated and flushed with argon several times. It is then flushed 
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated 
pressure of hydrogen at room temperature for 48 hours and then filtered through a cellulose 
filter (pore size 45 jim). The filtrate is concentrated in vacuo, and the residue is taken up 
with water and concentrated again several times in order to remove excess acetic acid. A 
solution of the residue in water is passed through a DowexSO ion exchange column 
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(Na^form, diameter of the column 0.9 cm, length 3.5 cm), washing with deionized water. The 
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particle 
size 65 Mm. column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, 
detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica 
gel, gradient elution: methanol/H 2 0 2:3 via 1 :1 to 3:2), resulting in the target molecule B1.43 
(0.014 g, 64 %) as a fluffy white solid (after lyophilization): *H NMR (400 MHz, D£>) 5 7.22 - 
7.06 (m, 5H), 4.86 (m. 1H), 1.95 (s, 3H), 0.98 (d, J=6.7 Hz. 3H); MS (FAB, THG) 654 (M+Hl 
632(M+2H-Na). 

Example B24: Preparation of compound B1.44. 




•Bn 





OBn 



41 




OBn 



43 



Compound 43 is prepared from the piperidine 41 (0.02 g, 0.019 mmol) and benzoyl chloride 
(2.5 pi, 0.021 mmol) in analogy to a method for the acetylpiperidine 42 (Example B23). The 
yield is 0.02 g (90 %). 



COOBn 



OH 




OBn 



43 



COONa 
K I OH 




B1.44 



The target compound B1.44 is prepared by hydrogenation of the benzyl ether 43 (0.042 g. 
0.0367 mmol) and subsequent purification in analogy to the acetyl derivative Bl .43. The 
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product results after lyophilization as a fluffy white solid. Yield: 0.015 g (57 %): MS (FAB, 
THG) 716 (M+H), 694 (M+2H-Na). 

Example B25: Preparation of compound B1.45. 



O 




The target compound B1.45 is prepared in analogy to Example 23 (preparation of com- 
pound B1.43) from the piperidine derivative 41: 1 H NMR (400 MHz, D 2 0) 8 7.28 - 7.13 (m, 
5H), 4.95 (m, 1H), 4.37 - 4.23 (m, 2H), 3.56 (s, 3H), 3.04 (m ? 1H) t 2.84 (m, 1H), 2.26 (t f 
J=7.6 Hz, 2H), 1.08 (d, J=7.4 Hz, 3H); MS (FAB, THG) 810 (M+H). 

Example B26: Preparation of compound B1.46. 




45 



Pyridine (4 pi, 0.05 mmol) and cyclohexanecarbonyl chloride (7.2 jj, 0.05 mmol) are added 
at 0°C to a solution of the piperidine derivative 41 (0.04 g, 0.038 mmol) in dry CH2CI2 
(0.7 ml). After 20 minutes, the reaction mixture is washed with 10 % aqueous NaHCO$ 
solution, and the aqueous phase is reextracted three times with CH 2 CI 2 The combined 
organic phases are dried (Na2S0 4 ), filtered and concentrated in vacuo. Purification by 
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column chromatography as the crude product (0.09 g) on silica gel (eluent: hexane/ethyl 
acetate 1 :1) gives the amide 45 (0.03 g, 68 %). 




45 B1.46 



Dioxane (1 .1 ml), water (0.55 ml) and glacial acetic acid (0.27 ml) are added to a mixture of 
Pd(OH)aC; (Peartman catalyst, Pd content 20%. 0.05 g) and the benzyl ether 45 (0.029 g, 
0.025 mmol). The flask is evacuated and flushed with argon several times. It is then flushed 
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated 
pressure of hydrogen at room temperature for 24 hours. Then, for hydrogenation of the aro- 
matic ring, 5% Rh/C (0.02 g) is added and hydrogenation is continued for 24 hours. The 
reaction mixture is filtered through a cellulose filter (pore size 45 um), the filtrate is concen- 
trated in vacuo, and the residue is taken up with water and concentrated again several 
times in order to remove excess acetic acid. A solution of the residue in water is passed 
through a DowexSO ion exchange column (Na + form, diameter of the column 0.9 cm, length 
3.5 cm), washing with deionized water. The clear filtrate is concentrated in vacuo and puri- 
fied by gel filtration on Bio-Gel P2 (particle size 65 um, column diameter 2.5 cm, length 35 
cm, eluent: water, flow rate 0.45 mVmm, detection at 215 nm) and subsequent reverse 
phase chromatography (Merck RP18 silica gel, elution: methanoJ/H 2 0 60:40), resulting in 
the target molecule B1.46 (0.012 g, 64 %) as a fluffy white solid (after lyophilization): 1 H 
NMR (400 MHz, D 2 0) 8 5.04 (m, 1H), 4.48 (m, 1H), 4.45 - 4.32 (m. 1 H), 2.72 (m, 1H), 1 .17 
(d. J=5.8 Hz, 3H); MS (FAB, THG) 728 (M+H), 706 (M+2H-Na). 
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Example B27: Preparation of compound B1.47. 
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46 B1.47 



Dioxane (1 .4 ml), water (0.7 ml) and glacial acetic acid (0.35 ml) are added to a mixture of 
Pd(OH)a/C (Pearlman catalyst, Pd content 20%, 0.03 g) and the benzyl ether 46 (0.042 g, 
0.039 mmol). The flask is evacuated and flushed with argon several times. It is then flushed 
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated 
pressure of hydrogen at room temperature for 16 hours and then filtered through a cellulose 
filter (pore size 45 jim). The filtrate is concentrated in vacuo, and the residue is taken up in 
water and concentrated again several times in order to remove excess acetic acid. The 
crude product (0.014 g) is purified by gel filtration on Bio-Gel P2 (particle size 65 jim, 
column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, detection at 
215 nm) and subsequent reverse phase chromatography (Merck RP18 silica gel, elution: 
methanol/HjO 1:3) resulting in the target molecule B1.47 (0.009 g, 36 %) as a fluffy white 
solid (after lyophilization): 1 H NMR (400 MHz, D z O) 8 7.10 - 7.02 (m, 4H), 7.01 - 6.94 (m, 
1H), 4.80 (br s, 1H) ? 4.10 (d, J=7.0 Hz, 1H), 3.84 (dd f J=4.7, 8.5 Hz, 1H), 3.20 (t, J=8.7 Hz, 
1H), 2.97 (dd, J=3.3, 9.7 Hz, 1H), 2.83 (dd, J=4.7, 13.1 Hz, 1H), 2.63 (dd, J=8.5, 13.1 Hz, 
1H), 0.87 (d, J=7.0 Hz, 3H), 0.63 (t, J=7.3 Hz, 3H); MS (FAB, THG) 654 (M+Na), 632 (M+H). 
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Example B28: Preparation of compound B1.48. 



COOBn 

H 4 y 0H OH COOBn 

.NH K I OH 




OBn 



41 




Triethylamine (7 pi, 0.05 mmol) and /vbutanesulfonyl chloride (3.7 pi. 0.029 mmol) are 
added at 0°C to a solution of the piperidine 41 (0.025 g, 0.024 mmol) in CH 2 Q 2 (0.3 ml). 
After 45 minutes, the reaction mixture is washed with 10 % aqueous NaHG0 3 solution, and 
the aqueous phase is reextracted three times with CH^. The combined organic phases 
are dried (N a2 S0 4 ), filtered and concentrated in vacuo. The crude product is purified by 
column chromatography on silica gel (eluent: hexane/ethyl acetate 60:40). resulting in the 
sulfonamide 47 (0.022 g, 79 %). 



COOBn 
H..I OH 




47 B1.48 



Dioxane (1 .0 ml), water (0.5 ml) and glacial acetic acid (0.25 ml) are added to a mixture of 
Pd(OH)a/C (Pearlman catalyst, Pd content 20%, 0.013 g) and the benzyl ether 47 (0.027 g, 
0.023 mmol). The flask is evacuated and flushed with argon several times. It is then 
flushed with hydrogen, and the black reaction mixture is hydrogenated under a slightly 
elevated pressure of hydrogen at room temperature for 24 hours and then filtered through j 
cellulose filter (pore size 45 pin). The filtrate is concentrated in vacuo, and the residue is 
taken up with water and concentrated again several times in order to remove excess acetic 
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acid. A solution of the residue in water is passed through a Dowex50 ion exchange column 
(Na + form, diameter of the column 0.9 cm. length 3.5 cm), washing with deionized water. 
The clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 
(particle size 65 urn, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 
ml/min, detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 
silica gel, gradient elution: methanol/H 2 0 35:65 to 45:55), resulting in the target molecule 
B1.48 (0.01 1 g, 65 %) as a fluffy white solid (after lyophilization): *H NMR (400 MHz, DzO) 
8 7.51 - 7.35 (m, 5H), 5.15 (d, J=3.4 Hz, 1H), 4.54 (q, J=6.2 Hz, 1H). 4.51 (d, J=8.0 Hz, 1H), 
4.03 (dd, J=2.8, 10.4 Hz, 1H), 3.59 (t. J=8.9 Hz. 1H), 3.23 (dd, J=4.8, 13.4 Hz, 1H), 3.05 
(dd, J=8.6, 13.4 Hz, 1H), 1.84 (pen, J=7.6 Hz, 2H), 1.54 (sex, J=7.3 Hz, 2H), 1.27 (d, J=6.6 
Hz, 3H), 1 .02 (t. J=7.5 Hz, 3H); MS (FAB. THG) 732 (M+H). 

Example B29: Preparation of compound B1 .49. 



The target compound B1.49 is prepared in analogy to Example B28 (preparation of com- 
pound B1.48) starting from the piperidine derivative 41 and p-toluenesulfonyl chloride: 'H 
NMR (400 MHz, D 2 0) 5 7.56 (d, J=7.2 Hz, 2H), 7.33 (d, J=7.2 Hz, 2H), 7.28 - 7.1 1 (m, 5H), 
4.81 (d, J=3.4 Hz. 1H). 4.22 (d. J=7,9 Hz, 1H), 3.75 (d, J=2.4 Hz, 1H), 3.65 (dd, J=2.4, 10.2 
Hz, 1H), 3.41 (t, J=5.7 Hz, 1H), 3.32 (t, J=8.7 Hz, 1H), 3.13 (dd, J=2.5. 9.3 Hz, 1H), 3.00 
(dd, J=4.0, 13.6 Hz, 1H). 2.81 (dd, J=8.9, 13.6 Hz, 1H), 2.67 (brs, 1H), 2.29 (s, 3H), 0.95 
(d, J=7.1 Hz, 3H); MS (FAB, THG) 788 (M+Na), 766 (M+H). 




B1.49 
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Example B30: Preparation of compound B1.50. 




47 B1.50 



Dioxane (1 .5 ml), water (0.75 ml) and glacial acetic acid (0.38 ml) are added to a mixture of 
Pd(OHVC (Pearlman catalyst. Pd content 20%. 0.02 g) and the benzyl ether 47 (0.041 g. 
0.035 mmol) The flask is evacuated and flushed with argon several times. It is then flushed 
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated 
pressure of hydrogen at room temperature for 16 hours. Then, to hydrogenate the aromatic 
nng, 5% Rh/C (0.025 g) is added, and hydrogenation is continued for 16 hours. The reac- 
tion mixture is filtered through a cellulose filter (pore size 45 urn), the filtrate is concentrated 
in vacuo, and the residue is taken up in water and concentrated again several times in order 
to remove excess acetic acid. A solution of the residue in water is passed through a 
DowexSO ion exchange column (Na* form, diameter of the column 0.9 cm, length 3 5 cm) 
washing with deionized water. The clear filtrate is concentrated in vacuo and purified by gel 
filtration on Bio-Gel P2 (particle size 65 urn, column diameter 2.5 cm, length 35 cm, eluent: 
water, flow rate 0.45 ml/min, detection at 215 nm) and subsequent reverse phase chromato- 
graphy (Merck RP18 silica gel, gradient elution: methanol/H 2 0 40:60 to 50:50), resulting in 
the target molecule B1.50 (0.021 g, 82 %) as a fluffy white solid (after lyophilization) 'H 
NMR (400 MHz, D 2 0) 5 4.97 (d, J=3.7 Hz, 1H), 4.41 (d, J=7.7 Hz, 1H), 4.36 (q, J=6.7 Hz 
1H), 3.81 (d, J=2.6 Hz, 1H), 3.76 (dd. J=2.4, 7.3 Hz, 1H), 3.55 (dd, J=4.4. 7.2 Hz, 1H). 3 30 
(dd, J=2.7, 9.7 Hz. 1H), 1.34 (sex, J=7.4 Hz, 2H), 1.10 (d, J=6.7 Hz, 3H), 0.81 (t, J=7.5 Hz 
3H); MS (FAB, THG) 738 (M+H), 71 6 (M+2H-Na). 
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Example B31: Preparation of compound B1.51. 




40 49 



Morpholine (0.37 ml) and Pd(PPh 3 ) 4 (0.025 g, 0.021 mmol) are added to a solution of the 
allyl carbamate 40 (0.24 g. 0.212 mmol) in tetrahydrofuran (2.9 ml). After exactly 15 minu- 
tes, the solution is concentrated and the residue is dried under high vacuum for one hour. 
Purification of the residue (0.38 g) by column chromatography on silica gel (eluent: CH 2 cy 
methanol 19:1, contains 0.3 % concentrated aqueous ammonia solution) gives the piperi- 
dine derivative 49 (0.17 g, 76 %). 




Phenyl isocyanate (4.6 pi, 0.042 mmol) and diisopropylethylamine (8.5 ul, 0.05 mmol) are 
added at 0°C to a solution of the piperidine derivative 49 (0.04 g, 0.038 mmol) in CH 2 CI 2 
(0.6 ml). After 90 minutes, the reaction mixture is washed with 1 M aqueous KH 2 P0 4 
solution and the aqueous phase is reextracted three times with CH 2 CI 2 . The combined 
organic phases are dried (NazSO^, filtered and concentrated in vacuo. Purification of the 
crude product (0.047 g) by column chromatography on silica gel (eluent: hexane/ethyl 
acetate 58:42) provides the urea derivative 50 (0.035 g, 78 %). 



V 
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Dioxane (1.3 ml), water (0.65 ml) and glacial acetic acid (0.33 ml) are added to a mixture of 
Pd(OHVC (Peariman catalyst, Pd content 20%, 0.018 g) and the benzyl ether 50 (0.036 g, 
0.031 mmol). The flask is evacuated and flushed with argon several times. It is then flushed 
with hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated 
pressure of hydrogen at room temperature for 16 hours and then filtered through a cellulose 
filter (pore size 45 urn). The filtrate is concentrated in vacuo, and the residue is taken up 
with water and concentrated again several times in order to remove excess acetic acid. A 
solution of the residue in water is passed through a DowexSO ion exchange column (Na* 
form, diameter of the column 0.9 cm, length 3.5 cm), washing with deionized water. The 
clear filtrate is concentrated in vacuo and purified by gel filtration on Bio-Gel P2 (particle 
size 65 urn, column diameter 2.5 cm, length 35 cm, eluent water, flow rate 0.45 ml/min, 
detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 silica 
gel, elution: methanol/H 2 0 1:1), resulting in the target molecule B1.51 (0.018 g, 80 %) as a 
fluffy white solid (after lyophilization): 1 H NMR (400 MHz, DaO) 5 7.14 (t, J=7.9 Hz, 2H), 
7.02 (d. J=8.2 Hz, 2H), 6.95 (t, J=7.7 Hz, 1H), 4.87 (d, J=4.0 Hz, 1H), 4.30 (d, J=7.4 Hz 
1H), 4.23 (q, J=6.6 Hz, 1H), 3.66 (d, J=2.8 Hz, 1H). 3.42 (dd, J=4.4, 7.7 Hz, 1H), 3.16 (dd, 
J=2.6. 9.5 Hz, 1H), 1.00 (d, J=6.6 Hz, 3H); MS (FAB, THG) 737 (M+H), 715 (M+2H-Na). 
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Example B32: Preparation of compound B1.52. 
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The piperidine derivative 49 is converted in analogy to Example B28 (preparation of com- 
pound B1.48) using phenylmethanesulfonyl chloride as reagent into the target compound 
B1.52: 'H NMR (400 MHz, D a O) 8 7.50 (m, 5H), 5.02 (d, J=3.5 Hz, 1H), 4.61 (d, J=13.7 Hz. 
1H), 4.54 (d, J=13.7 Hz, 1H), 4.32 (d, J=8.0 Hz, 1H), 3.62 (t, J=6.0 Hz, 1H), 3.52 (dd, J=7.7, 
8.4 Hz, 1H), 3.36 (dd, J=3.2, 9.6 Hz, 1H), 3.22 (br d, J=12.6 Hz, 1H), 1.17 (d, J=6.5 Hz, 3H); 
MS (FAB, THG) 772 (M+H), 750 (M+2H-Na). 

Example B33: Preparation of compound B1.53. 
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D.oxane (3.7 ml), water (1.8 ml) and glacial acetic acid (0.9 ml) are added to a mixture of 
Pd(OH )a /C (Pearlman catalyst, Pd content 20%, 0.05 g) and the benzyl ether 49 (0 09 g 
0.086 mmol). The flask is evacuated and flushed with argon several times. It is then flushed 
wrth hydrogen, and the black reaction mixture is hydrogenated under a slightly elevated 
pressure of hydrogen at room temperature for 48 hours and then filtered through a cellulose 
filter (pore size 45 urn). The filtrate is concentrated in vacuo, and the residue is taken up 
with water and concentrated again several times in order to remove excess acetic acid The 
crude product (0.044 g) is purified by gel filtration on Bio-Gel P2 (particle size 65 um 
column diameter 2.5 cm. length 35 cm, eluent: water, flow rate 0.45 ml/min, detektion at 
215 nm) and subsequent reverse phase chromatography (Merck RP18 silica gel, gradient 
elufion: methanol/^ 30:70 to 50:50), resulting in the target molecule B1.53 (0.04 g 78 %) 
as a fluffy white solid (after lyophilization): 'H NMR (400 MHz, 0,0) 5 5 04 (d J=4 2 Hz, 

2 ^ IT HZ ' 1H)> ^ (m ' 2H)> 420 (q ' J=65 H2 ' 1H) ' 402 «■ ■«* " Hz. 
(m!h) 95 1H) ' 112 W *** HZ ' 3H,; MS (FAB> THG) 618 596 

Example B34- Preparation of compound B1 .54. 



COOH 




COONa 



H vl * OH > 




B1.53 



B1.54 



A 1 M solution of 2-(1-naphthy.)ethanesuHony. chloride in toluene (46 ul) is added at room 
temperature to a solution of the piperidine derivative B1.53 (0.025 g. 0.042 mmol) in 1M 
aqueous NaHCOa solution (0.22 ml). The mixture is vigorously stirred for 22 hours and then 
concentrated in vacuo and dried under high vacuum for 15 minutes. The crude product is 
punfied by gel fixation on Bio-Gel P2 (particle size 65 um, column diameter 2.5 cm length 
35 cm, eluent: Water, flow rate 0.45 ml/min, detection at 215 nm) and subsequent , 



reverse 
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phase chromatography (Merck RP1 8 silica gel, elution: methanol/H 2 0 7:3). resulting in the 
target molecule B1.54 (0.01 1 g, 31 %) as a fluffy white solid (after lyophilization): 'H NMR 
(400 MHz, D20) 5 7.72 (d, J=8.8 Hz. 1H). 7.54 (d, J=8.8 Hz. 1H). 7.44 (d, J=8.6 Hz, 1H), 
7.28 (t. J=7.2 Hz. 1H). 7.22 (t. J=7.2 Hz, 1H). 7.14 (t, J=7.2 Hz, 1H). 7.08 (d, J=8.7 Hz. 1H). 
4.91 (d, J=4.1 Hz. 1H). 4.20 (d, J=7.0 Hz. 1H). 3.99 (brs. 1H), 3.90 (brs. 1H), 1.09 (d, 
J=6.3 Hz, 3H); MS (FAB, THG) 858 (M+Na). 836 (M+H). 



Example B3S: Preparation of compound B1.55. 




B1.53 B1.55 



A 0.5 M solution of acetic anhydride in toluene is added in small portions (50 to 100 uJ) at 
room temperature to a solution of the piperidine derivative B1.53 (0.035 g, 0.059 mmol) in 
1 M aqueous NaHCO a solution (0.5 ml) until all the precursor is consumed (test by thin-layer 
chromatography: silica gel TLC plates, mobile phase: n-butanol/ water/acetone/glacial 
acetic acid/NH 4 OH 70:60:50:18:1.5). The reaction is complete after about one hour, and the 
mixture is concentrated in vacuo and dried under high vacuum for 15 minutes. The crude 
product is purified by gel filtration on Bio-Gel P2 (particle size 65 urn, column diameter 2.5 
cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, detection at 215 nm) and subse- 
quent reverse phase chromatography (Merck RP18 silica gel. elution: methanol/H 2 0 3:7), 
resulting in the target molecule B1.55 (0.026 g. 67 %) as a fluffy white solid (after lyophiliza- 
tion): 1 H NMR (400 MHz, D 2 0) 8 5.01 (d. J=4.2 Hz. 0.5H). 4.99 (d. J=4.2 Hz. 0.5H). 4.44 (d. 
J=7.3 Hz. 1H). 4.32 (q, J=6.6 Hz, 0.5H), 3.14 (dd. J=8.0. 12.9 Hz. 0.5H). 2.10 (s. 1.5H). 
2.08 (s, 1.5H), 1.13 (d. J=6.6 Hz, 3H). 
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Example B36: Preparation of compound B1.56. 

COOH 



u ^ 



O OH 

08 ,N ' J V^ ONa 



B1.53 



B1.56 



A 1 .5 M solution ( + )-di-0-acetyl-L-tartaric anhydride in 1 ,4-dioxane is added in small 
portions (50 to 100 0) at room temperature to a solution of the pyridine derivative B1.53 
(0.03 g, 0.05 mmol) in 1 M aqueous NaOH solution (0.15 ml) until all the precursor is con- 
sumed (test by thin-layer chromatography: silica gel TLC plates, mobile phase: n-butanol/ 
water/acetone/glacial acetic acid/NH«OH 70:60:50:18:1.5). The mixture is kept basic 
throughout the reaction by periodic addition of 1 M NaOH solution. The starting material is 
consumed after about two hours and then a further 1 M sodium hydroxide solution (0 13 ml) 
■s added and the mixture is heated to 40«C in order to hydrolyse the ester groups. After one 
hour, the mixture is concentrated in vacuo and dried under high vacuum for 15 minutes 
Tlie crude product is purified by gel filtration on Bio-Gel P2 (particle size 65 urn column 
diameter 2.5 cm, .ength 35 cm, eluent water, flow rate 0.45 ml/min, detection at 215 nm, 
and subsequent reverse phase chromatography (Merck RP18 silica gel. elution: methanol/ 
H,0 1:9), resulting in the target molecule B1.56 (0.020 g, 52 %) as a fluffy white solid (after 
lyophilization): MS (FAB, THG) 794 (M+Na), 772 (M+H), 750 (M+2H-Na). 

Example B37- Preparation of compound B1 .57. 



COOH 



OH 



B1.53 



COONa O 



B1.57 



Oh 
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N.N-Diisopropylcarbodiimide (1 1 .7 pi, 0.075 mmol) is added at 0°C to a solution of shikimic 
acid (0.013 g, 0.075 mmol) and 1-hydroxybenzotriazole (0.01 g, 0.075 mmol) in dry N,N-di- 
methylformamide (0.37 ml), and the mixture is then stirred for 30 minutes. The mixture is 
then warmed to room temperature and the piperidine derivative B1.53 (0.015 g, 
0.025 mmol) is added. After 3 hours, 10 % aqueous NaHC0 3 solution is added (0.15 ml), 
and the reaction mixture is stirred for a further 20 minutes and then concentrated under high 
vacuum. The residue is taken up in water, filtered through a cellulose filter (pore size 45 urn) 
and then passed through a Dowex50 ion exchange column (Na* form, diameter of the 
column 0.9 cm, length 3.5 cm), washing with deionized water. The filtrate is concentrated in 
vacuo and purified by gel filtration on Bio-Gel P2 (particle size 65 urn, column diameter 
2.5 cm, length 35 cm, eluent: water, flow rate 0.45 ml/min, detection at 215 nm) and subse- 
quent reverse phase chromatography (Merck RP18 silica gel, elution: methanol/H 2 0 1:9), 
resulting In the target molecule B1.57 (0.007 g, 33 %) as a fluffy white solid (after lyophiliza- 
tion): 'H NMR (400 MHz, D z O) 65.8 (brs, 1H), 4.94 (m, 1H), 2.55 (m, 1H), 2.10 (m, 1H), 
1.07 (d, J=6.0 Hz, 3H); MS (FAB, THG) 796 (M+Na), 774 (M+H). 

Example B38: Preparation of compound B1.58. 




N,N-Dimethylaminopyridine (1.03 g, 8.44 mmol) and p-nitrobenzenesulfonyl chloride 
(1.65 g, 7.44 mmol) are added at room temperature to a solution of the alcohol 37 (6.11 
5.1 mmol) in CH 2 CI 2 (35 ml). After 52 hours, the reaction mixture Is washed with 10 % 
aqueous NaHC0 3 solution, and the aqueous phase is reextracted three times with 
CH 2 CI 2 .The combined organic phases are dried (Na 2 S0 4 ), filtered and concentrated in 
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ne resulting in the nosylate 52 (6.58 g, 93 %). 



0,N 




52 



53 



A solution of the nosylate 52 (7.78 g, 5.62 mmol) and day UN 3 (0 99 „ on o, « 
^^1^0^0(50.,, fsheated to ^J^^™?*'"*' 
hours, the solvent is removed under high vacuum a nd h ! " ^ 16 

and washed with 10 % aqueous NaHCO ZT' Z * " P in <»* 

Ames with CH 2 CI and J k ^ aqUe ° US Phase is extra ^d three 

witn CH 2 CI 2 and the comb.ned organic phases are dned (Na,SO . m. ^ , 
centrated in vacuo Th« ™ ^ , . lNa 2 so 4 ). filtered and con- 

61 /o )- followed by the alcohol 37 (2.5 g). ( 9 ' 



o 

OBz II ° 




53 



-OBn 

Boo'*" 

54 



A solution of the tribenzoate 53 (4 22 o 3 ar mm „i. „ 

102mmnl .. t (422 9 ' 345 mmo ') and sodium methoxide (055 a 

enysl15, H Foim), Hie suspension is tillered, and the filtrate fs concentra* 
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ted in vacuo. The crude product (4.5 g) is purified by column chromatography on silica gel 
(eluent: CK^CIz/methanol 19:1) to give the triol 54 (2.89 g, 92 %). 




54 55 



A suspension of 54 (2.89 g, 3.17 mmol) and di-n-butyltin oxide (1.56 g, 6.27 mmol) in dry 
benzene (95 ml) is boiled under reflux in an argon atmosphere for 16 hours. The reaction 
mixture is concentrated in vacuo and dried under high vacuum for one hour. Then CsF 
(dried under high vacuum at 300°C for several hours, 1 .2 g, 7.9 mmol) is added under an 
argon atmosphere, followed by dry 1 ,2-dimethoxyethane (80 ml) and a solution of the triflate 
A5 (6.3 g, 15.97 mmol) in dry 1 ,2-dimethoxyethane (50 ml). The reaction mixture is heated 
to 35 to 40°C and stirred at this temperature for 3 hours. The mixture is then washed with a 
solution of 15% KF in 1M aqueous KH 2 P0 4 (150 ml) and the aqueous phase is extracted 
three times with CH2CI2, and the combined organic phases are dried (Na 2 S0 4 ), filtered and 
concentrated in vacuo. The oily residue (10.9 g) is purified by column chromatography on 
silica gel (elution: toluene/ethyl acetate 4:1, then CH 2 CI 2 /methanol 19:1 to recover the pre- 
cursor), resulting in the ether 55 (1 .94 g, 53 %) as a colourless foam and partial recovery of 
the precursor (1.1 g, 26 %). 




55 



56 



WO 97/01569 



PCT/EP96/02785 



-98 



Morpheme < 215 m and Pdfl^ (0 . 0]5 g „, , ^ ^ ^ ^ ^ 
sphere ft, a soiurion o. me ^ ^mam 55 (0 15 g „ „ ^ ^ 
(1.7 ml,. Ate, exacfty ,s minu.es, to soluUon „ ^ ^ ^ 

IT °":*" ne ' han01 ,W ' ""^"^-n.m.edaqueousammonia soiuBon, 

(. .7 ^ me solufton . ceoled ,e 0-C, and tnethytomine ,43 p,, 0.3, mmol, and 
suWonyl chloride (18 pi, 0.14 mmot) are added. After 15 minutes, the reaction mixture is 
warmed to room ,empe ralure and washed with 10 % aqueous MaHCO, solute, The 
aqueous phase is reaxftaoted three times with c*Ct and me orqanio phases are oom 



C0 2 Bn O O 

OH W 



6 * 




Nj-C«H 9 



-OBn ° 



I N 3 




BnO' Jofc - bMe 

56 

B1.58 

WC,Pearimanca tely s, P dcon tert2 o%.0.03 5g) and me ben^ 0*0,56(00278 

«u*hed wrih nydroqen. and me biacft raaoeon mixture is hydroqena,ed under e s, *h«y eia- 

pressure o, hydroqen a, room .emperahrre for , 2 hou. and men nftered ftlqn 
- u-ose „»er (pore si 2 e 45 pa,,. The «,fta,e is concenfta,ed ,„ vacuo, and me residue * 

atTIlT ™' ed ^ " meS — * ~" — . aceuc 

It „T """^W^W^^^IMa^^co, 
soiuhon (0.3 mftandove, me course »- 5 hours, seve^ OT a» poriKms ,30 his 50 p,, o, an 
epprox. , "^onota^methoxyhenzoylchioride in ,o, ll e n ea re added. un.ia.es. by 
mavtaye, chroma.oqraphy <e„ca qe, TLC p,a.ea. mo M e phase: n*ftanoVWace*J* 
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glacial acetic acid/NH 4 OH 70:60:50:18:1.5) indicates complete conversion of the intermedi- 
ate. The pH of the solution is kept basic during this reaction by adding several portions of 
solid NaHC0 3 (about 0.025 g in total). The reaction mixture is then concentrated in vacuo, 
and the residue is taken up in a little water and purified by gel filtration on Bio-Gel P2 
(particle size 65 nm, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 0.45 
ml/min, detection at 215 nm) and subsequent reverse phase chromatography (Merck RP18 
silica gel, elution: methanol/H 2 0 65:35), resulting in the target molecule B1.58 (0.008 g, 39 
%) as a fluffy white solid (after lyophilization): *H NMR (400 MHz, D z O) 5 7.41 (br d, J=8.3 
Hz, 1H), 7.32 (br s, 1H), 7.04 (d, J=8.3 Hz, 1H), 5.05 (d, J=3.9 Hz, 1H), 4.51 (d, J=7.8 Hz, 
1H) f 4.14 (q, J=6.7 Hz, 1H), 4.09 (t, J=4.1 Hz, 1H), 3.82 (s, 6H), 3.33 (dd, J=3.1, 9.6 Hz, 
1H), 1.13 (d, J=6.3 Hz, 3H), 0.68 (t, J=7.6 Hz, 3H); MS (FAB, THG) 923 (M+Na), 901 (M+H), 
879 (M+2H-Na). 

Example B39: Preparation of compound B1.59. 




56 B1.59 



Dioxane (5.3 ml), water (2.6 ml) and acetic acid (1.1 ml) are added to a mixture of 
Pd(OH)2/C (Pearlman catalyst, Pd content 20%, 0.13 g) and the benzyl ether 56 (0.12 g, 
0.1 mmol). The flask is evacuated and flushed with argon several times. It is then flushed 
with hydrogen and the black reaction mixture is hydrogenated under a slightly elevated 
pressure of hydrogen at room temperature for 24 hours and then filtered through a cellulose 
filter (pore size 45 *im). The filtrate is concentrated in vacuo, and the residue is taken up 
with water and concentrated again several times in order to remove excess acetic acid. The 
crude amine (0.074 g) is taken up in a little water and purified by gel filtration on Bio-Gel P2 
(particle size 65 nm, column diameter 2.5 cm, length 35 cm, eluent: water, flow rate 
0.45 ml/min, detection at 215 nm) and subsequent reverse phase chromatography (Merck 
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RP18 si,ica ge., e,utfon: methanol 1:1), re su. ting in * e target molecu.e B1.59 (0 052 g 
73 /o) as a fluffy white solid (after lyophiiization): 'H NMR (400 MHz, D 2 G) 8 5 00 (d J=3 6 
Hz 1H), 4.41 (d, J=7,7 Hz, ,H), 4.28 (q, J=6 . 5 Hz, 1H), 3.83 (d, J=3, Hz, 1H), 3 79 (dd " 
9-7 Hz, 1H), 3.32 (dd, J=3.2, 9.6 Hz, 1H), 1,2 ( d , 0=6, Hz , 3H) , 0.83 J-7 * 
3H); MS (FAB, THG) 737 (M+Na), 713 (M+H). ( ^' 



Example B40- Preparation of compound B1.60. 



CO,Na O O 

"OH V CO,Na O O 

0— 7^ " 1VU 4 H 8 ^ k -0-7^/-7\ 5 > 




J OH 

B1.59 



B1.6O 



T* an, to. B..53 fo.027 g . o.^ ^ is taken up in 1 M agueous NaHCO, solution 

a« m , ,„ d .„v erthecoureeo)4hours severa , sma)|pw8OTs(3oto5o 

0.5 M solution of benzoyl chloride in toluene are added until a test by thin-layer chromato 

ZZZ? ^ alt^T" 

..roughou, toe reaebon by ad<«„ g several portions of add NaHCO s (about 0.0, g in L, 

1* reaebon mixture is toon con«n,ra,ed in vaoue, and fbe residue ,a falren up in HT 

watot and puribed by 9 e, ^ on Bto-Oe, P* (parbcto size 55 m , nob™ 

2.5 crn. length 35 om. eluent: water, flow ra to 0.45 m„ m ,„. deteaion at 215 

duen reverse pftose ebronrafography (Mere* RPta siKca gel. ebrbent methane^ ^ 

rasutor, to toe farge, tnoieeule B..50 ,„. 027 ft „ %) „ , ^ 

Hz 2H>, 5.05 (d. u-3.3 Hz. ,H). 4.50 (d. J= 8., H 2 . ,H). 4.,7„. J=6 . 6 H z ,H) 3 92 (b,d 
« .4 HZ. ,„, 3.55 ,d. J= , 8 Hz. ,H, 3.30<dd, J*,. 10 .4 Hz. ,H,. 3.33 <* « 6 03 
Hz. tH>. ,,2 ,d, Hz, 3H, 0,0 fc J=8 , H, 3H,: MS (FAB, THG) 353 (^34, 
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Example B41 : Preparation of compound B1.61. 




B1.59 B1.61 



The carbamate B1.61 is prepared starting from the amine B1.59 (0.027 g, 0.038 mmol) 
using benzyl chloroformate as reagent in analogy to Example B40 (Preparation of com- 
pound B1.60). The yield is 0.007 g (21 %): 'H NMR (400 MHz, D 2 0) 8 7.31 (m, 5H), 5.06 
(d, J=12.0 Hz, 1H), 4.97 (d, J=12.0 Hz, 1H), 4.96 (d, J=4.0 Hz, 1H), 4.42 (d, J=7.7 Hz, 1H), 
4.19 (q, J=6.6 Hz, 1H), 3i96 (br s, 1H), 3.80 (d, J=2.9 Hz, 1H), 3.50 (dd, J=8.2, 9.4 Hz, 1H), 
3.29 (dd, J=2.9, 9.7 Hz, 1H), 3.20 (brd, J=12.2 Hz, 1H), 1.06 (d, J=6.5 Hz, 3H), 0.77 (t, 
J=8.0 Hz, 3H); MS (FAB, THG) 871 (M+H), 849 (M+2H-Na). 

The following compounds are prepared in analogy to the above examples: 



Table 1a: 




Compound No. 


R 3 


Rha 


B1.64 


Na 


C(0)-3,4-(OH) 2 -C6H s 


B1.65 


Na 


C(0)CH(C6H 5 ) 2 


B1.68 


Na 


C(0)-3,4-(OCH 2 C 6 Hs)2-C6H 5 
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Compound No. 

B1.70 

B1.72 

B1.73 

B1.77 
B1.78 
B1.80 
B1.81 
B1.82 
B1.83 
B1.84 



Table 1a': 



Na 

Na 

Na 

H 

Na 

Na 

Na 

Na 

Na 



Rha 

cfOH.^-fOHJrCsHs 
CCOXCHtOH^CpjONa 
C(0)CH 3 
S(0) 2 (CH 2 ) 2 C 1 oH 7 
H 

S(0) 2 CH 2 C 6 H 5 
C(0)NHC6H 5 

S(0) 2 (CH 2 ) 3 CH 3 
C(0)0(CH 2 ) 2 CH 3 




COOR 3 



OH 



hA° H 



' R HA 



Compound No. 



B1.62 

B1.63 

B1.66 

B1.67 

B1.69 

PI .71 

B1.74 

B1.75 

B1.76 

B1.79 



Na 

Na 

Na 

Na 

Na 

Na 

Na 

Na 

H 

Na 



C(0)CH 3 


NHC(O)C 10 H7 


C(0)CH 3 


NHC(0)OCH 2 C6H 5 


C(0)CH 3 


NHC(0)CH 2 C 6 H 5 


C(0)CH 3 


NHC(0)CH 2 OC 6 H s 


C(0)CH 3 


NHC(0)CH 2 NHC(0)OCH 2 C 6 H 5 


0(0)0(0^)^3 


NHS(0) 2 CH2C6H S 


S(0) 2 (CH 2 ) 3 CH 3 


NHCpjOCHaCsHs 


SfO^CH^CHa 


NHC(0)C 6 H s 


S(0) 2 (CH 2 )3CH 3 


NH 2 


S(0) 2 (CH 2 ) 3 CH 3 | 


NHCpJ-S.^OCH^eHa 
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Table 1b: 




Compound No. j 


Ra 


Rha 


B1.85 


Na 


S(0)2-4-CH3-C 6 H4 


B1.86 


Na 


C(0)(CH 2 )8C(0)OCH3 


B1.87 


Na 


S(0) 2 (CH2)3CH3 


B1.88 


H 


(CH 2 ) 2 CH 3 


B1.89 


Na 


C(0)C<sH 5 


B1.90 


Na 


C(0)CH 3 


B1.91 


Na 


C(0)0(CH 2 ) 2 CH 3 



C. Ligand Binding Assay for Determination of IC50 Values-conserved use of positive controls 
E-selectin/human IgG chimera [cloned and expressed according to Kolbinger et al. 
Biochemistry 35:6385-6392 (1996)] are incubated in Falcon probind™ microtiter plate (Plate 
1) at a concentration of 200 ng/well in 0.01 M Tris, 0.15 M NaCI, 1 mM CaCI 2 , pH 7.4 (Tris- 
Ca** buffer). Thus the plating solution is dispensed as 100 pl/well of 2 pg/ml E-chimera. 
Row 12 is left blank with only buffer. Plate 1 is incubated covered at 37°C for 2 hours. After 
incubation 100 pl/well of 2 % BSA in Tris Ca~ buffer is added and incubated at room 
temperature for 1 hour. During incubation the compounds (2x serial dilution) are titrated in 1 
% BSA in Tris-Ca ++ using U-shaped low bind microtiter plates (Plate 2). The rows are 
serially diluted up to row 9. Rows 10, 1 1, and 12 are just buffer. Final volume is 60 pl/well 
and the first well contains 10 mM of compound with the exception of the positive controls, A 
(SLe*-Lemieux) and B are used as positive controls for each plate and the first well contains 
5 mM of these compounds. PolySLe a SA-HRP conjugate is prepared in advance by 
incubating Sialyl Le a -PAA-biotin (cat #01-044, GlycoTech Corp., Rockville, MD) with 
Streptavidin-HRP in a molar ratio of 1:2. 60 pl/well of 1 ng/pl of polySLe a SA-HRP conjugate 
in 1 % BSA in Tris-Ca~ are added to all wells except row 11 in Plate 2. Plate 1 is 
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washed four times with Tris-Ca~ in the automatic plate washer. 100 ul/well are transferred 
from Plate 2 to Plate 1 starting from lowest concentration of compound. Plate 2 is dis- 
carded. The plate is incubated while rocking at room temperature for 2 hours. The plate is 
washed 4 times with Tris-Ca~ using automatic plate washer. 100 ul/well of Substrate [Mix 
3,3'.5,5'-tetramethylbenzidine reagent and H£> 2 , at 1:1 ratio] are added with an 8 channel 
pipettor from right to left. The plate is incubated at room temperature for 2 minutes. The 
reaction is stopped by adding 100ul/well of 1 M H 3 P0 4 using the 8 channel pipettor from 
right to left. Absorbance of light at 450nm is measured in a microtiter plate reader. 




Control compound B: 




ICso is calculated by determining the concentration of compound required to inhibit maximal 
binding of the polySialylLe a HRP conjugate to immobilized E-selectin/human IgG chimera by 
50%. The relative ICso is calculated by determining the ratio of the ICso of an internal control 
compound to the ICso of the test compound. 
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IC JTest compound) 
In the following tables RIC50 means J 



Table 2: 



IC (Control compound A) 

50 



C0 2 R 3 



H/A 

HO ^OH J 

h 3 c -^9Zoh 

| OH 
OH 



Comp. No. R 3 R 4 RIQ 



so 



B1.1 


Na 


-CH2C6H5 


0.35 


B1.2 


Na 


CH2C6H 1 f 


0.08 


B1.3 


Na 


-CH 2 NHC(0)C 6 Hs 


1.11 


B1.4 


Na 


-CHzNHCfOKCHzkCsHs 


1.85 


B1.5 


Na 


-CH 2 NHC(0)(CH 2 )30H 


1.23 


B1.6 


H 


-CH 2 NH 2 


0.96 


B1.7 


H 


-CH 2 NHCH 2 (CH) 2 C6H S 


1.15 


B1.8 


Na 


-CHzNtCtOJCeHslCHzfCHfeCeHs 


0.90 


B1.9 


H 


CH 2 NHCH 2 C 6 H S 


0.61 


B1.10 


Na 


-CH 2 N(CH 2 C 6 H S ) 2 


0.60 


B1.11 


H 


-CH 2 NH[CH 2 CH(CH 3 ) 2 


0.74 


B1.12 


H 


-CHzNICHzCHtCHa)^ 


0.32 


B1.13 


Na 


-CH 2 N[C(0)C6H5][CH 2 CH(CH3)2l 


0.21 


B1.14 


Na 


-CH 2 NH[S0 2 (C 6 H4)N02] 


0.12 


B1.15 


Na 


-CH 2 NHS0 2 C 6 H 4 CH 3 


0.13 


B1.16 


Na 


-CH 2 NHC(0)CF 3 


0.64 


B1.17 


Na 


-CH 2 NHC(0)C 6 H„ 


1.33 


B1.18 


Na 


-CH2CH2C6H5 


0.14 


B1.19 


Na 


-CH2CH2C6H1 1 


0.17 
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Comp. No. 



R 3 



R4 



RIC 



50 



B1.20 


Na 


-CH 2 NHC(0)CnH23 


1 

l./O 


B1.21 


Na 


*CH 2 NHC(0)CH(C fi H^ 

* \ / ■ ^vb 1 '5/2 


u./i 


B122 


Na 


-CH 2 NHC(0)C?H^CQ>Wa 


1.05 


B1.23 


Na 


-CH 2 NHC(0)C6fn 3 4 S^OHLH, 




B1.24 


Na 


-CH 2 NHC(0)C R H 4 SOaNa 


a no 
0.93- 


B1.25 


Na 


-CH 2 NHC(0)C fi KCI 


1.29 


B1.26 


Na 


-CH 2 NHCfO)CcH^NIO« 


1.21 


B1.27 


Na 


-CHsNHCfO^C^H^nrw 


1.15 


B1.28 


Na 


-CHoNHC^CcH.n ii^ri 


2.04 


B1J29 


Na 


-CHpNHC/O^H.rM 


1.30 


B1.30 


Na 


-CH^HCrOCfiH^CfiHc 


1.65 


B1.31 


Na 


-CH 2 NHC(0)C 6 H 4 CN 


1.04 


B1.32 


Na 


-CH 2 NHC(O)C 10 H 7 


1.44 


B1.9 


Na 


-CH 2 NHCH 2 C 6 H 5 


0.61 


B1.33 


Na 


-CH 2 NHC(0)C6H 4 COONa 


0.96 


B1.34 


Na 


-CH 2 NHC(0)(CHOH) 2 COONa 


0.78 


B1.35 


Na 


-CH 2 N[C(0)C6H 5 ]CH 2 C 6 H 5 


0.44 


B1.36 


Na 


-CH 2 N[C(0)C 6 H S ](CH 2 )3C 6 H 5 


0.57 


B1.37 


Na 


-CH 2 NHS0 2 CF 3 


0.26 


B1.38 


Na 


-CH 2 N[CH 2 CH(CH 3 )]S0 2 C 6 H 4 N0 2 


0.32 
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Table 2a: 



Compound No 


RIC50 


ComDOund No 




B1 fiP 


0 Q4Q 


R1 T7 

D 1./ / 


A CIO 
U.D IO 


R1 fi4 


n opt? 


R1 7A 
Dl./O 


U.OU*f 


R1 fi^ 


n aao 


R1 7Q 


n 1 QR 


B1 fifi 

D 1 .UU 


1 119 


R1 An 




R1 fi7 


U.OOH 


R1 A1 


U.^ ID 


R1 AA 
D I .DO 




D1 DO 


A ^ QC 

u.195 


B1.69 


2.661 


B1.83 


0 176 


B1.70 


0.199 


B1.84 


0.169 


B1.71 


0.414 


B1.85 


1.28 


B1.72 


0.186 


B1.86 


2.733 


B1.73 


0.249 


B1.87 


0.520 


B1.74 


0.134 


B1.88 


1.257 


B1.75 


0.102 


B1.89 


0.696 


B1.76 


0.451 


B1.90 


0.569 


B1.63 


0.087 
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WHAT IS CI A{MED 

1 . A compound of the formula I 




(I) 



in which 

X is the residue of a non-glycosidic aliphatic 1 ,2-diol- 

— * -MM m, one rart »xy, residue and one o»e, sub*. 

slid r 6 "' °" c ' 2a,M " c,a * ** ere *• and *■ ■* are — — • - - 

mm* one o, more subsets seleoted tram me group consisting „, OH, haiooen 

pnmaor am™, secondary an,™. sullony,. sUtonarrfde. catbarelde, carbamate * 

Tr 1 < r C,neter0a ' Vl ' • <^e.er»aran<y,, * 

Zf?T? ° rC ^ heteroaral ^ ^-Wand are hydrogen, 

CrC^keny., ftC^ CH^eycloallreny,. C^heterocydoakyl. <VC„-ha,ero- 

c^heleroarallreny, and a*yl, alKenyl. allroxy, cyctoalkyl. cydoaUceny,. neterooycto- 

arelKyl, arelKeny, and heteroarelKeny, In turn are unaubailtfed o, auba^ed by one C the 
abovememioned substiluents; and y ia 1 and M is a monovalent mela, or y » « and Mfe a 
divalent metal; including its physiologically tolerated sails 
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2. A compound according to claim 1, wherein 

(a) NH 2 , primary amino, secondary amino, carbamide, carbamate, carbhydrazide, sulfon- 
amide, sulfonhydrazide and aminocarbonylamide is a representative selected from the 
group of R 8 C(0)(NH)pN(R 9 )-, -C(0)(NH) P NR8R 9 , R 8 OC(0)(NH) p N(R 9 )-, 
ReR4oNC(0)(NH) p N(R 9 )., -OC(0)(NH) p NR 8 R 9l -N(R4o)C(0)(NH) p NR 8 R 9 , R 8 S(0) 2 (NH) p N(R 9 )-; 
-S(0) 2 (NH) p NR 8 R 9 ; R 8 R 40 NS(O) 2 N(R 9 )- or -NR 40 S(O) 2 NR 8 R 9f in which R 8t R 9 and R40 are, 
independently of one another, hydrogen, OH, CrCualkyt, CrC 12 alkenyl, C 3 -C 12 cycloalkyl, 
Ca-Ci^doalkenyl, C 2 -C 1t heterocycloalkyl, C 2 -C 1t heterocycloalkenyl, C<rCioaryl, 
Cs-Cgheteroaryl, Cr-Ciearalkyl, C 8 -C 16 aralkenyl with QrCealkenylene and C 6 -C 10 aryl ( 
Ce-Cisheteroaralkyl, C 6 -C 15 heteroaralkeny! f or di-Cs-Cioaryl-d-Ce-alkyl, or Rs-R^N in which 
Re- and R* are, independently of one another, hydrogen, OH, S0 3 My, OS0 3 My, C,-C 12 alkyl, 
C3-C 12 cycloalkyl, C^Cnheterocycloalkyl, C 6 -C 10 aryl, Cs-Cgheteroaryl, CVCtiaralkyl, Cer 
C 10 heteroaralkyl, C 8 -C 16 aralkenyl with Cg-Cealkenylene and C 6 -Cioaryl, or di-C 6 -C 10 aryl-C t - 
Ce-alkyl, which are unsubstituted or substituted by one or more substituents; or R 8 and R 9 or 
R* and R? pr R 8 and R40 in the case of -NReR 9 or -NR^Rg- or RsR^N- together are tetra- 
methylene, pentamethylene, -(CH^-O^CH^-, -(CH 2 ) 2 -S-(CH 2 )2- or -(CH 2 )2-NRHCH 2 ) 2 -, 
and R 7 is H, C r C 6 alkyl, CT-daralkyl, C(0)Rs2 or sulfonyl; and 

(b) sulfonyl is a representative of the formula Ri 0 -SOr in which R 10 is C-Czalkyl, 
C3-C 12 cycloalkyl, C 2 -C,,heterocycloalkyl, Ce-Cioaryl, C 5 -C 9 heteroaryl, C7-Cnaralkyl or 
C6-C 10 heteroaralkyl, which are unsubstituted or substituted by one or more substituents; 
wherein the substituents are selected from the group consisting of OH, halogen, C(0)ORsi, 
OC(0)Rs4, C(0)Rs2, nitro, NH 2 , cyano, S0 3 My, OS0 3 My, NR 20 SO 3 M y , C,-C 12 alkyl, 
CrC^kenyl, C,-Ci 2 alkoxy, C 3 -C 12 cycloalkyl, C 3 -C 12 cycloalkenyl, CrCiiheterocydoalkyl, C 2 - 
Cnheterocydoalkenyl, C<rCioaryl, C 6 -C 10 aryloxy, Cs-Cgheteroaryl, Cs-Cgheteroaryloxy, C7- 
Cuaralkyl, Ce-Coheteroaralkyl, C 8 -Cnaralkenyl, C7-C 10 heteroaralkenyl, primary amino, 
secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, carb- 
hydrazide, carbohydroxamic add and aminocarbonylamide, where R s i is hydrogen, M yt 
C r C 12 alkyl, Cz-Cizalkenyl, C 3 -Ci 2 cycloalkyl, (VCnheterocycloalkyl, Ce-Cioaryl, Cs-C 9 hetero- 
aryl, C7-Cnaralkyl or Ce-Coheteroaralkyl, R^ is hydrogen, C,-C 12 alkyl, C^^lkenyl, 
QrCijjcydoalkyl, C 2 -C,iheterocycloalkyl, C 6 -Cioaryl, C 5 -C 9 heteroaryl, CT-Cnaralkyl or 
Ce-Cioheteroaralkyl, and and R 20 are hydrogen, Ci-C 12 alkyl, C2-C i2 alkenyl, C 3 -C 12 cyclo- 
alkyl, C 3 -C t2 cydoalkenyl, Cz-Cnheterocycloalkyl, C 2 -Cu-heterocycloalkenyl, C 6 -C 10 aryl, 
Cs-C 9 heteroaryl, Cy-Cnaralkyl, C 6 -C 10 heteroaralkyl t Cs-Cn-aralkenylorCT-Cioheteroar- 
alkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocycloalkyl, heterocydo- 
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alkenyl. aryl, aryloxy, heteroaryl, heteroaiyloxy, aralkyl, heteroaralkyl, aralkenyl and hetero- 
aralkenyl in turn are substituted or substituted by one of the abovementioned substituents; 
p is 0 or 1 and y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal. 

3. A compound according to claim 1, wherein X is a linear or branched CrCaralkylene, 
-alkenylene, C 3 -C 12 -cycloalkylene, -cycloalkenylene, CrC-heterocydoalkylene or -hetero- 
cycloalkenylene with hetero atoms selected from the group of -0-, -S- and -N-. 

4. A compound according to claim 1 , wherein X is substituted by a substituent selected from 
the group consisting of OH, halogen, C(0)OR s1 , OC(0)FU C(0)R a , nitro, NH 2 , cyano, 
SOaM,, OSOaM,. NR^M,, C,-C 12 alkyl, CVC 12 alkenyl, C-C^lkoxy, CrC 12 cycloalkyl, 
CrC, 2 cycloalkenyl, C 2 -C„heterocycloalkyl, C^Cheterocycloalkenyl, C 6 -C 10 aryl, Cs-Crfryl- 
oxy, Cs-^heteroaryl, C 5 -C 9 heteroaryloxy, CVC„aralkyl, CrC„aralkyloxy, Cs-Coheteroar- 
a«kyl. Ce^.aralkenyl, CT-Coheteroaralkenyl, primary amino, secondary amino, surfonyl, sul- 
fonamide, carbamide, carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic add 
and amidocarbonylamide, where R s1 is hydrogen, M y , C-C^lkyl, C 2 -C 12 alkenyl, 
Ca-Ci^cloalkyl. C^Cheterocycloalkyl, C6-C 10 aryl, Cs-Csheteroarvl, CVCaralkyl or 
CVCoheteroaralkyl, R^ is hydrogen, C,-C 12 alkyl, Cz-C^kenyl, C3-C 12 cycloalkyl, 
C 2 -C 11 heterocycloalkyl, C 6 -C 10 aryl, C^heteroaryl, C^naralkyl or C 6 -C,oheteroaralkyl, and 
Rs. and Ra, are hydrogen. C-C^alkyl, C^C^Ikenyl, C 3 -C 12 cycloalkyl, C3-C 12 cycloalkenyl, 
CrCheterocycloalkyl. C 2 -C ir heterocycloalkenyl, C 6 -C 10 aryl, C^eteroaryl, Ct-C,, aralkyl, 
C 6 -C 10 heteroaralkyl, C-C-aralkenyl or CT-Coheteroaralkenyl, and alkyl, alkenyl, alkoxy, 
cycloalkyl. cycloalkenyl, heterocycloalkyl. heterocycloalkenyl, aryl, aryloxy, heteroaryl, 
heteroaryloxy, aralkyl, aralkyloxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are 
unsubstituted or substituted by one of the abovementioned substituents; and y is 1 and M is 
a monovalent metal or y is 1/2 and M is a divalent metal. 

5. A compound as claimed in claim 1, wherein X is the residue of a 1.2-diol conesponding 
to formula II 
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H 




= H 
H 



in which 

R 5 and Re are, independently of one another, hydrogen, Ci-C 12 alkyl, C 3 -Ci 2 cycloalkyl, 
C 2 -Cnheterocycloaikyl, C 6 -Ci<>aryl, C 5 -C 9 heteroaryl, Cr-Cnaralkyl or C 6 -Cioheteroaralkyl; or 
R 5 and R 6 are, together with the -CH-CH- group, C 3 -Ci 2 cycloaIkylene, C3-C 12 -cycloalken- 
ylene, CrCnheterocycloalkylene and C 3 -Cnheterocycloalkenylene with hetero atoms 
selected from the group -O-, -S- and -N-; 

where alkyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, cyclo- 
alkylene, cycloalkenylene, heterocycloalkylene and heterocycloalkenylene are unsubstituted 
or substituted by one or more substituents selected from the group consisting of OH, halo- 
gen, C(0)OR s1 , OC(0)Rs4, C(0)Rs2, nitro, NH 2 , cyano, S0 3 My, OS0 3 My, NR 20 SO 3 M y , 
C r C 12 alkyl, C 2 -C 12 alkenyl, C t -C 12 alkoxy, C 3 -Ci 2 cycloalkyl, C 3 -C 12 cycloalkenyl, Qrdhetero- 
cycloalkyl, C 2 -Cnheterocycloalkenyl, C 6 -C 10 aryl, C 6 -Ci 0 arytoxy, C 5 -C 9 heteroaryl, 
Cs-Cgheteroaryloxy, Cr-Cnaralkyl, C7-Cuaralkyloxy, C<rCi 0 heteroaralkyl, C 8 -Cuaralkenyl, Or 
Cioheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, 
carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonyl- 
amide, where R s1 is hydrogen, M y , C t -C 12 alkyl, C 2 -C i2 alkenyl, C3-C 12 cycloalkyl, C 2 -Cnhetero- 
cycloalkyl, C 6 -Ci 0 aryl # C 5 -C 9 heteroaryl, Cy-Cuaralkyl or C 6 -Ci 0 heteroaralkyl, R^ is hydrogen, 
C t -Ci 2 alkyl, C^C^alkenyl, C 3 -C 12 cycloalkyl, C 2 -C 1t heterocycloalkyl, C 6 -Cioaryl, 
C 5 -C 9 heteroaryl, Cr-Cuaralkyl or Ce-Cioheteroaralkyl, and and R^ are hydrogen, d- 
C t2 alkyl, C 2 -C 12 alkenyl, Cs-C^cycloalkyl, C 3 -Ci 2 cycloalkenyl, C^Cnheterocycloalkyl, C2-C11- 
heterocycloalkenyl, C 6 -C to aryl, Cs-Cgheteroaryl, C7-Cnaralkyl, Ce-C^heteroaralkyl, C 8 -Cir 
aralkenyl or Cr-Ctoheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, 
heterocycloalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyl- 
oxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by 
one of the abovementioned substituents; and y is 1 and M is a monovalent metal or y is 1/2 
and M is a divalent metal. 
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6. A compound according to claim 5, wherein R 5 and Re 

(a) are unsubstituted or substituted by C,-C 12 alky| or C,-C 12 aIko^ 

(b) are. together with the group -CH-CH-, a 5- to 8-membered carbocyde; 

(c) are, together with the group -CH-CH-, a 5- to 8-membered heterocarbocycle; 

(d) are. independently of one another, hydrogen, unsubstituted C,-C 12 alkyl or c!-C 12 alky| 
which is substituted by a substituent selected from the group consisting of -C(0)OR s1 . 
-OCfOFU -C(0)ONa or -C(0)OK. primary amino, secondary amino. C3<; 12 cyclc«lkyl. 
C^lkoxy. phenyloxy and benzyloxy; unsubstituted C3-C 12 cydoalkyl or C3-C )2 cydoaiky| 
which is substituted by a substituent selected from the group consisting of -C(0)OR s1 , 
-OCfOJR*. -C(0)ONa or -C(0)OK. primary amino, secondary amino. C-Cealkyl, C-C^lk- 
oxy. phenyloxy and benzyloxy; Ce-C^ryl whfch is unsubstituted or substituted by 
-C(0)OR s1 . -OC(0) Rs4 . -C(0)ONa or -C(0)OK. primary amino, secondary amino. C-Csalkyl 
or C-Csalkoxy; C3-C 9 heteroaryl with 1 or 2 hetero atoms selected from the group consisting 
of oxygen and nitrogen atoms; or CVC 12 aralkyl which is unsubstituted or substituted by 
-C(0)OR s1 . -OC(0) Rs4 . - C (0)ONa or -C(0)OK, primary amino, secondary amino. C-Csalkyl 
or CrCealkoxy; 

(e) are. together with the group -CH-CH-, a 5- to 12-membered carbocycle or 5- or 6-mem- 
bered heterocarbocycle with a hetero atom selected from the group consisting of oxygen 
and nitrogen atoms; or ^ 

(0 are. together with the -CH-CH- group. CVC 12 c*doalkylene, C,-C I2 cyc.oalkeny.ene, 
CrCheterocycloalkylene or C^.heterocycloalkenylene with hetero atoms se.ected from 
the group of -O-, -S- and -N-; 

where cydoalkylene, cycloalkenylene. heterocydoalkylene and heterocycloalkenylene are 
unsubstituted or substituted by one or more substrtuents selected from the group consisting 
of OH. halogen. C(0)OR s1 , OC^R,. C^JR,. nitro, NH 2 , cyano. SQaM,, OSC^M, 
NRaSOaM,, Cl -C 12 alkyl. C^lkenyl. C-C.alkoxy, (VC 12 cycloalkyl. (VC 12 cydoalkenyl 
QrCheterocydoalkyl. C 2 -C 11 heterocydoa.kenyl. CVC.oary., C 6 -C 10 aryloxy, Cs^eteroaryl 
C ^ he te«>arylo^ 

Coheteroaralkenyl. primary amino, secondary amino, sulfonyl. sulfonamide, carbamide ' 
carbamate, sulfonhydrazide. carbhydrazide, carbohydroxamic add and amino- 
carbonylamide. where R s1 is hydrogen. My, C-C^lkyl. C^ 12 alkenyl, QrC^doalkyl 
CrCheterocydoalkyl. Ce-Caryl. C^heteroaryl. CVCaralkyl or CVC 10 heteroaralkyl Rs4 
« hydrogen. C r C l2 alkyl. CVC 12 alkenyl. C 3 -C l2 cydoalkyl, C^Cheterocydoalkyl, C^ 10 aryl 
C^heteroaryl. CVCaralkyl or C^heteroaralkyl. and Rs2 and R* are hydrogen 
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C,-C 12 alkyl, C r Ci 2 alkenyl, C 3 -C 12 cycloalkyl, C 3 -C 12 cycloalkenyl, C 2 -Ci 1 heterocycloalkyl I 
C 2 -C, r heterocycloalkenyl, C 6 -C 10 aryl, C 5 -C 9 heteroaryl t Cy-Cnaralkyl, C 6 -Cioheteroaralkyl, 
C 8 -C ir aralkenyl or Cy-doheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, 
heterocycloalkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, 
aralkyloxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or 
substituted by one of the abovementioned substituents; and y is 1 and M is a monovalent 
metal or y is 1/2 and M is a divalent metal. 

7. A compound according to claim 6, wherein R 5 and R 6 are, together with the -CH-CH- 
group, CrCi2cycloalkylene or C 2 -diheterocycloalkylene with nitrogen as hetero atom; 
where cycloalkylene and heterocycloalkylene are unsubstituted or substituted by one or 
more substituents according to claim 6. 

8. A compound according to claim 7, wherein R 5 and R 6 are, together with the -CH-CH- 
group, C3-C 12 cycloalkylene or C 2 -C 11 heterocycloalkylene with nitrogen as hetero atom; 
where cycloalkylene and heterocycloalkylene are unsubstituted or substituted by one or 
more substituents selected from the group consisting of OH, C(0)OR s1 , OC(0)Rs4, CfOJR^, 
NRaR 9 , Ct-C 12 alkyl, R 8 C(0)(NH) p N(R 9 )-, -C(0)(NH) p NRsR 9 , R8S(0) 2 (NH) P N(R 9 )-; 
R8R4oNC(0)(NH) p N(R 9 )-, R 8 OC(0)(NH) p N(R 9 )-, -OC(0)(NH) p NR 8 R 9 , and Rto-SO^, 

in which Ra, R 9 , R 10 and R 40 are, independently of one another, hydrogen, OH, d-C^alkyl, 
C,-C 12 alkenyl, C3-Ci 2 cycloalkyl, d-dzcycloalkenyl, C 2 -diheterocycloalkyl, C 2 -Cnhetero- 
cycloalkenyl, C 6 -C i0 aryl, C 5 -C 9 heteroaryl, d-dearalkyl, C 8 -C 16 aralkenyl with C 2 -C 6 alken- 
ylene and C 6 -C 10 aryl, Ce-dsheteroaralkyl, C 6 -C 15 heteroaralkenyl f or di-C 6 -C 10 aryl- 
Ct-Ce-alkyl, which are unsubstituted or substituted by one or more substituents selected 
from the group consisting of OH, halogen, C(0)OR s1 , 0C(0)Rs4. CfOJR^, nitro. NH 2 , cyano, 
S0 3 My, OS0 3 My, NRgoSOaMy, C,-C 12 alkyl t drC 12 alkenyl, d-Czalkoxy, C 3 -C 12 cycloalkyl, 
C3-C 12 cycloalkenyl, Cz-Cnheterocycloalkyl, C r C lt heterocycloalkenyl, C 6 -C 10 aryl, C 6 -C 10 aryl- 
oxy, Cs-Cgheteroaryl, C 5 -C 9 heteroaryloxy, Cy-daralkyl, d-d aralkyloxy, 
C 6 -C 10 heteroaralkyl, C 8 -Ci t aralkenyl, C7-Cioheteroaralkeny1, primary amino, secondary 
amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, carbhydrazide, 
carbohydroxamic acid and aminocarbonylamide; R s i is hydrogen, M y , C,-C 12 alkyl, 
drdaalkenyl, Ca-dacycloalkyl, Cz-Cheterocycloalkyl, C 6 -C 10 aryl, d-dheteroaryl, 
Cy-Cnaralkyl or C 6 -Ci 0 heteroaralkyl, R^ is hydrogen, d-d^lkyl, C2-C 12 alkenyl f C 3 -C 12 cydo- 
alkyl, Qrdtheterocycloalkyl, Ce-doaryl, Cs-C 9 heteroaryl, C7-Cnaralkyl or 
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C^teroaralkyl. and R „ and fc „ hydr08en ^ 

alkyl <VC„he,erocycloalkyl, C^etemcycloalkenyl, C^Cary, 

C^heteroaryl, CrCarelkyl. C s -C„*e.eroaralky1. or c^^ete^,' 

a ken*, and a*y1, alkenyl, alkoxy. cydoafcy.. cydoalkenyl. heferocydoalkyl, heterocydc- 
alkeny. a*, aiyloky. heteroaryl, heteroaryloxy, aralkyf, heferoaralkyf, aralkenyl ana betero- 
aralkenyl as substituante in tan, are unsubstituted or subs«uted by ona at tha above- 
menfxmed subsafuents; p is 0 or 1 and y is 1 and M is a monovaian. metal or y is 1/2 and M 
is a divalent metal. 

*A compound according ,o claim 8. wherein R. and R, are, independency of ona anomer 
h^en: C-Caiky,; * , ,o 0 c atoms ,„ are 

alkytene group and C«W CCeralkeny, with c^kenytene and C-Car* or * 
C<rWC,-<Valkyl. where R. and Rs are unsubstltuted or ^ 
^bstauents selected from me group consisfing of OH, halogen. COOH. Gnat. 
0,-Calkyl. C-Crfdkoxy, CVCarvl, c^aryfoxy, SOM,. OSOJ^ NR^SO^ NO, 
am,no. pnman, amino, seconctay amino and CN. and R» is hydrogen. C-Calkyt ' 
^ *C-**»M. MMM CVCheterocydoaikyf, CC-haterc- 

oTc^ htrr, 0 ^'^ «~ * 0^,-eraly, 

I^merir ' ^ M * « « «— « » - * and M is a 



W A compound according ,o daim 8, wherein R„ Is CrCrfl* C^,,cydoa*y, 

*ST1^T H 1 10 6 ° ^ ^"rylene g™ p and <W**'cw^ 
atoy, and o^a*. or »* teh are urKubs6 , 

hTo o^T ^ ^ " ^ ^ - W consist o, OH 

Mogen. COOH. 0(O,OM,. C-Cattyl. c.^lkoxy, C^. ao*. OSOM, 

TfT.'T 2 ' amino ' prima,y "*'* amin ° Cf * *— R» "**g» 

CrOrfM CCalkenyl. r^cydoalky,, CrCcydoalkenyf. O^nhaferocydaalkyl. C, 
C^heterocydoalkenyl, C^ayl. C^hetemary,. *Cw-* C^etoa^ 
C^n-andkenyl or C^heteroaralkenyl. and y is 1 and M is a monovaian, mefal or y is ,/2 
and Mis a divalent metal. ' " 

1 U compound according to c ata , 0 , R „ „ c,^,^ 

WW C^ndkyt wifh , ,o 6 C atoms in the alkytene gmup and WW wttich are 
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unsubstituted or substituted by one or more substituents selected from the group consisting 
of OH, halogen, carboxyl, C(0)OM yi C t -C 12 alkyl, d-C 6 alkoxy, C 6 -C 10 aryl, S0 3 My, nitro, 
amino, primary amino, secondary amino and cyano; or C 8 -C t6 aralkenyl with C 2 -C 6 alkenylene 
and C 6 -Ctoaryl, or di-Ce-Cioaryl-Ct-Cealkyl. 

12. A compound according to claim 8, wherein R 5 and Re are, together with the -CH-CH- 
group, C 3 -Ci2Cycloalkylene or C 2 -Cnheterocycloalkylene with nitrogen as hetero atom; 
where cydoalkylene and heterocycloalkylene are unsubstituted or substituted by one or 
more substituents selected from the group consisting of OH, C(0)OR s1f OC(0)Rs4, C(0)Rs2, 
NH 2 , d-C^alkyl, R 8 C(0)N(R 9 )-, -C(0)NR 8 R 9 , R8S(0) 2 N(R 9 )-; RsOC(O) N(R 9 )- and R«rS0 2 -, 
in which R 9 is hydrogen and R 8 is C,-C, 2 alkyl, C 6 -Cioaryl or C7-diaralkyl, which are unsub- 
stituted or substituted by one or more C t -C 12 alkoxy; R 10 is CrC 12 alkyl, C e -Cioaryl or 
Cr-Cnaralkyl which are unsubstituted or substituted by one or more C r C 12 alkyl; R s1 and R^ 
are d-C^alkyl and R s2 is Ci-C^alkyl, C 3 -C t2 cycloalkenyl, C r C 12 cycloalkyl or C 6 -Cioaryl, and 
alkyl, cycloalkenyl, cydoalkyl and aryl as substituents in turn are unsubstituted or substitu- 
ted by one or more substituents selected from the group consisting of OH, C(0)OR sr and 
OCfOJRs* where R sr is M y or d-dzalkyl and R^ is d-C 12 alkyl; y is 1 and M is a mono- 
valent metal or y is 1/2 and M is a divalent metal. 

13. A compound according to claim 12, wherein R 5 and R 6 are, together with the -CH-CH- 
group, cyclohexylene. 

14. A compound according to claim 8, wherein R 5 and Re are, together with the -CH-CH- 
group, piperidylene. 

15. A compound according to claim 14, wherein R 5 and R 6 are, together with the -CH-CH- 
group, piperidylene; where the hetero atom is unsubstituted or substituted by a substituent 
selected from the group consisting of C(0)OR s1 , C(0)Rs2, CfOJNRoRo, NH 2 , S0 3 My, 
Ct-Ci^lkyl, CrCi^lkenyl, d-C 12 alkoxy f d-dacyctoalkyl, C 3 -C 12 cycloalkenyl, C 2 -Cnhetero- 
cycloalkyl, d-dtheterocycloalkenyl, C 6 -dc>aryl, C 6 -C 10 aryloxy, C 5 -C 9 heteroaryl, 
C 5 -C 9 heteroaryloxy, C 7 -Ciiaralkyl, C7-diaralkyloxy, C 6 -C 10 heteroaralkyl, C 8 -Cnaralkenyl, Ct- 
doheteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, sulfon- 
hydrazide, and one or more C atoms of the ring are unsubstituted or substituted by one or 
more substituents selected from the group consisting of OH, OC(0)Rs4, NH 2f OSdMy 
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NR.oSQ.My, C-C^lkoxy, C^ 10 aryloxy, Cs-C^eteroaryloxy, CrCaralkyloxy, prima* 
ammo, secondary amino, sulfonamide, carbamide, carbamate, sulfonhydrazide carb- 
hydraz.de. carbohydroxamic acid and aminocarbonylamide, where R sl is hydrogen My 
C-C 12 aJkyl, C^lkenyl, ^C t2 cyc.oa.ky.. C^heterocydoalkyl. C 6 ^ l0 ary1. C^hetero- 
aryl, CVCaralkyl or C^heteroaralkyl. R* is hydrogen. Cl -C 12 aikyl. C^ 12 alkenyl C3- 
C 12 cycloalkyl. C.-Cheterocycloalkyl. Ce-C 10 aryl. C^eteroaryl, CVC^ralkyl or C(r 
C 10 heteroaralkyl, R e and R 9 are, independently of one another, hydrogen, OH, Cl -C 12 alky. 
C3-C 12 cycloalkyl. C 2 -C ll heterocydoalkyl. C 6 -C 10 aryl, C^heteroaryl, Crdearalkyl C 6 - ' • 
C 15 heteroaralkyl. C 8 -C 16 aralkeny. with C^alkenylene and Ce-C 10 aryl, ordi-Ce-C^ryi-C,- 
Cs-alkyl. or Ra and R 9 together are tetramethylene. pentamethylene, -(C^^CH^ - 
(CH^S-CCH^ or -(CH^-NRHCH^, and R 7 is H. C-C^lkyl. CVC.aralkyl. CfO^'or 
sulfonyl; and Rs2 and R* are hydrogen, C-C^lkyl, C 2 -C 12 alkenyl. CVC 12 cyc.oalkyl 
C3-C 12 cycloalkenyl. CrCheterocycloalkyl. C^-heterocycloalkenyl, CVCoaryl 
Cs-Caheteroaryl, C-Caralkyl, Cs-C.oheteroaralky., Cs-C^-aralkenyl or CVC 10 heteroar- 
alkenyl, and aikyl, alkenyl, alkoxy, cycloalkyl. cycloalkenyl. heterocycloalkyl 
heterocycloaikenyl. a*., aryloxy. heteroaryl. heteroaryloxy, aralkyl. aral M oxy. heteroaralky. 
aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the 

rtZZZTtT* SUbStltUentS; ^ ' iS 1 3nd M iS a m0novatent metal or y is 1/2 and M is a 

16. A compound according to claim 15, wherein R 5 and Re are, together with the -CH-CH- 
group, piperidylene; where the hetero atom is unsubstituted or substituted by a substituent 
selected from the group consisting of C(0)OR s1 . 0(0)^, -qojNR^ and R 10 -SO 2 - and 
one or more C atoms of the ring are unsubstituted or substituted by one or more substitu- 

T^ntTr *" 9r ° UP COnSiS6n9 ° f OH * NH2 ' R aC(0)N(R 9) - and 

ReOC(0)N(R 9 )-, where R 9 is hydrogen and R 8 is Cl -C 12 alkyl, C^ry, or CVCaralky. 

where alky., ary. and ara.ky. are unsubstituted or substituted by one or more Cl -C 12 a.koxy- 
R,o .s C| -C 12 alkyl. C 6 -C 10 aryl or C-Caralkyl which are unsubstituted or substituted by one 
or more C t -C, 2 a,kyl; R s , is Cl -C 12 a.kyi and Rs2 is C| -C 12 a.ky,. Cycloalkenyl. C 3 -C 12 cyclo- 
alkyl or Ce-C^,. and alky., cycloalkenyl. cycloalky. and aryl as substituents in turn are un- 
^^^^^^^^^^ 

OH, C(0)OR sr and OC(0) Rs4 . where R s1 . is My or C r C 12 alkyl and Rs4 . is Chalky.- y is 1 
and M is a monovalent metal or y is 1/2 and M is a divalent metal. 
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17. A compound according to claim 8, wherein R 5 and Re are, together with the -CH-CH- 
group, piperidylene; which is unsubstituted or substituted by one or more substituents 
selected from the group consisting of OH, C(0)OR s1f OC(0)Rs4, C(0)R s2l NH 2f Ci^alkyl, 
R 8 C(0)N(R 9 )-, -C(O) NR 8 R 9| R 8 S(0) 2 N(R 9 )-; ReOC(0)N(R 9 )-, ReR^NCfOJNfRc,)-, 
-OC(0)NRaR 9 and Ri 0 -SO 2 -, in which R 9 is hydrogen and R 8 is C r Ci 2 alkyl, Ce-Cioaryl or 
C7-Cnaralkyl, where alkyl, aryl and aralkyl are unsubstituted or substituted by one or more 
Ci-C 12 alkoxy or Cr-Cnaralkyloxy; r 10 is d-Cujalkyl, Ce-Cioaryl or Cr-Cnaralkyl which are 
unsubstituted or substituted by one or more Ci-Ci 2 alkyl; R40 is hydrogen, C r C 12 alkyl, 
C r Ci 2 cycloalkyl, C 2 -Cnheterocycloalkyl, C 6 -C 10 aryl, Cs-Cgheteroaryl, Cr-Cnaralkyl or 
C 6 -C 10 heteroaralkyl; R s i and R** are Ci-C 12 alkyl and R^ is C r C 12 alkyl, CrC 12 cycloalkenyl, 
C3-C t2 cycloalkyl or C 6 -Ci 0 aryl, and alkyl, cycloalkenyl, cycloalkyl and aryl as substituents in 
turn are unsubstituted or substituted by one or more substituents selected from the group 
consisting of OH, C(0)OR s r and OC(0)R s4 « where R sr is My or d-C 12 alkyl and R^ is 
Ci-C i2 alkyl; y is 1 and M is a monovalent metal or y is 1/2 and M is a divalent metal. 

18. A compound according to claim 1, wherein X is cyclohexylene or piperidylene which is 
unsubstituted or substituted by one or more substituents selected from the group consisting 
of OH, NH 2 , C3H7, -C(0)CH 3 , -C(0)C 6 H5, -C(0)(CH 2 ) 8 C(0)OCH 3 , -C(0)[CH(OH)] 2 C(0)ONa, 
C(0)-C 6 H 8 (OH) 3 , -C(0)-C 6 H 11f -C(0)OC 3 H 7 , -C(0)NHC 6 H 5 . -NHS(0) 2 CH 2 C 6 H 5 , 
-NHC(0)OCH 2 C 6 H 5 , -NHC(0)C6H 3 (OCH 3 ) 2 , -S(0) r C 4 H 9f -NHC(0)NHC6H 5 , -S(0)rC6H 4 CH 3 , 
-S(0)2-CH 2 C 6 H5and -S(0) r (CH) 2 CioH 7 . 

19. A compound according to claim 1, wherein R 2 is Ci-C 6 alkyl. 

20. A compound according to claim 1 , wherein substituents for R 2 are selected from halo- 
gen, -C(0)OM y , d-Cealkyl, d-C 4 alkoxy, phenyl, naphthyl, -S0 3 My, d-C 12 primary amino, 
CsrC-josecondary amino, -S0 2 -NReR 9 and -C(0)-NR 8 R 9 in which Re and R 9 are, independent- 
ly of one another, H, C r C 4 alkyl, C 2 -C 4 hydroxyalkyl, phenyl or benzyl, or R 8 and R 9 together 
with the N atom are morpholino, thiomorpholino, pyrrolidino or piperidino. 

21. A compound according to claim 1, wherein R 2 is hydrogen, unsubstituted Ci-C 6 alkyl or 
C r C 6 alkyl, which is substituted by C(0)0H, -C(0)ONa, -C(0)OK, -OH, -C(0)-NRsR 9 or 
-SOjrNReRg, in which Rs is H, d-dalkyl, C 2 -C 4 hydroxyalkyl, phenyl or benzyl, and R 9 in- 
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depended has the meaning of R* or R e and R 9 are together tetramethyiene, penta- 
methylene or -CHzCHz-O-CHzCH-,-. 

22. A compound according to claim 21, wherein R 2 is hydrogen, methyl, ethyl 
HO^CH,, NaOCfO^CfV or R fl R 9 N-C(0)-CH 2 CH 2 -, and R a and R 9 are. indepen- 
dently of one another. H. C-Cealkyl. C^hydroxyalky., phenyl, benzyl or. together 
morpholino. 

23. A compound according to claim 1 . wherein the other substituent in R, has 1 to 20 C 
atoms. 

24. A compound according to claim 23. wherein the other substituent is selected from the 
group consisting of unsubstituted and substituted C^lky., C^lkenyl. C^cyclo- 
alkyl. C3-C 12 cycloalkenyl, C^heterocycloalkyl. Ca-Cheterocycloalkenyl. Ce-C 10 aryl 
Cs^heteroaryl. (VCaralkyl. C^oheteroaralkyl, C^araikeny. and C^heteroar- 
alkenyl. 

25. A compound according to claim 24. wherein the other substituent is substituted methyl 
or 2-substituted ethyl or cyclohexyl. ' 

26. A compound as claimed in claim 1. wherein R, corresponds to a group of I 



*4 



group of the formula III, 

COOR3 

(HI). 




in which 

R3 is hydrogen or M y ; and 

^ CvC 12 aiky.. CC^kenyl. C3-C.cyc.0alM. Ca-C^cloalkeny^, C^heterocydoalky, 
C^heterocycloalkenyl, C^ryl, C^eteroaryl, CVCaralkyl. Ce-C 10 heteroaralky, 
Cs-Caralkenyl or C r C 10 heteroaralkenyl. which are unsubstituted or substituted by one 'or 
more substftuents selected from the group consisting of OH. halogen. C(0 )0 R S1 . OC(0)R, 
C(0) Rs2 . nrtro. NH, cyano. S0 3 M, OSOaM,. NR^M,, Cl -C 12 alky., C^lkeny. Cl - 
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C 12 alkoxy, Qrdzcycloalkyl, C r C 12 cycloalkenyl, Ca-Cheterocycloalkyl, C r 
Cnheterocycloalkenyl, CVC.oaryl, C6-C 10 aryloxy, C 5 -C 9 heteroaryl, Cs-Csheteroaryloxy. C 7 - 
Caralkyl, C7-C„aralkyloxy, C 6 -Cioheteroaralkyl, Ce-Cnaralkenyl, C7-C,oheteroaralkenyl, 
primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, surfon- 
hydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R s1 is 
hydrogen, M y , C,-C 12 alkyl, CrC^alkenyl, C 3 -C 12 cycloalkyl, Ca-Cheterocycloalkyl, 
Ce-Cioaryl, Cs-Cgheteroaryl, C7-Cnaralkyl or Cs-doheteroaralkyl, is hydrogen, 
CrCzalkyl, Cz-C^alkenyl, C 3 -C,2cycloalkyl, Ca-Cheterocycloalkyl, Ce-C,oaryl, Cs-Cghetero- 
aryl, CrCaralkyl orC 6 -C 10 heteroaralkyl, and Rsz and Ra, are hydrogen, C,-C 12 alkyl, 
CrC 12 alkenyl, C 3 -Ci 2 cycloalkyi, CrC 12 cycloalkenyl, Cz-Cuheterocydoalkyl, C 2 -C ir hetero- 
cycloalkenyl, C 6 -C 10 aryl, Cs-C^heteroaryl, CrC t1 aralkyl, C<rC 10 heteroaralky1, CrC-aralkenyl 
or CT-Coheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo- 
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl. heteroaryloxy, aralkyi, aralkytoxy, hetero- 
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the 
abovementioned substituents; and y is 1 and M is a monovalent metal ory is 1/2 and M is a 
divalent metal. 

27. A compound according to claim 26, wherein R 3 is hydrogen or M y and FUis 
(a) unsubstituted C,-C 12 alkyl; C,-C 12 alkyl which is substituted by one or more substituents 
selected from the group consisting of -NH 2 , primary amino, secondary amino, C,-C 12 sul- 
fonyl, carbamide, carbamate, carbhydrazide, sulfonamide, sulfonhydrazide, aminocarbonyl- 
amido, QrCzcycloalkyl, C,-C 6 alkoxy, phenyloxy and benzyloxy; unsubstituted 
Ca-Czcycloalkyl; C3-C 12 cycloalkyl which is substituted by one or more substituents selected 
from the group consisting of Qrdzcycloalkyt, CVCalkyl, C-Cealkoxy, C,-C 12 sulfpnyl, 
phenyloxy and benzyloxy; C 6 -C 10 aryl; Ca-Csheteroaryl with 1 or 2 hetero atoms selected 
from the group consisting of oxygen and nitrogen atoms; CrC 16 aralkvl with C-Cealkyl and 
CrC 10 aryl; C 4 -C 16 heteroaralkyl with C-Cealkyl and CrC 10 heteroaryl with 1 or 2 hetero atoms 
selected from the group consisting of oxygen and nitrogen atoms and a total of 3 to 5 
carbon atoms; C 6 -C 10 ary1, C 3 -C 9 heteroaryl with 1 or 2 hetero atoms selected from the group 
consisting of oxygen and nitrogen atoms, C7-C 16 aralkyl with (VCealkyl and C 6 -C 10 aryl, 
QrCsheteroaralkyl with C,-C 6 alkyl and C^-Coheteroaryl with 1 or 2 hetero atoms selected 
from the group consisting of oxygen and nitrogen atoms and a total of 3 to 5 carbon atoms, 
which are substituted by one or more substituents selected from the group consisting of 
OH, halogen, C-Cusulfonyl, carboxyl, C(0)OM y , C,-C 12 alkyl, C-Calkoxy, QrCoaryl, 
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an«. ^ shJLT^Z °f JWter ° arate * "»*-» amino, sec^ 

a-A^.^^ 27.^^^^ KorNa 

30. A compound according to claim 27 v 

the formulae RsNHCfOiMFM- R 0 rvvo^/ D x « ~, «™nuent for a, mean groups of 
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2-phenylethyl, diphenylmethyl, which are unsubstituted or substituted by one or more sub- 
stituents from the group of -OH, -NH 2 , C 1 -C 8 primary amino, d-d4secondary amino, N0 2f - 
CN, -F, -CI, -C(0)OH, -C(0)ONa, -S0 3 H, -OS0 3 Na, NRajSO^a in which Ft*, is hydrogen, 
C r C 12 alkyl f C 2 -C 12 alkenyl, Cs-djjcycloalkyl, C 3 -C 12 cycloalkenyl, C 2 -Cuheterocycloalkyl, 
CrCn-heterocycloalkenyl, Ce-C 10 aryl t C 5 -dheteroaryl, Cr-Cnaralkyl, C 6 -C 10 heteroaralkyl, 
Cs-Cn-aralkenyl or d-doheteroaralkenyl, and -S0 3 Na, C r C 4 alkyl, C r C 4 alkoxy and phenyl, 
and R 9 is H, C r Cioalkyl, phenyl, naphthyl, benzyl, 2-phenylethyl or phenyl-CH=CH-CH 2 -, 
and p is 0 or 1 . 

31 . A compound according to claim 27, wherein R4 is a 

(a) carbamido-substituted alkyl group R 8 -C(0)NR 9 -(CH 2 ) n -, where n is 1 or 2, R 8 is hydrogen; 
CrC 12 alkyl; d-dsjcycloalkyl; C 6 -C 10 aryl or d-dearalkyl with C r C 6 alkyl and C 6 -C 10 aryl; 
wherein alkyl, cycloalkyl, aryl and aralkyl are unsubstituted or substituted by one or more 
substituents selected from the group consisting of OH, halogen, carboxyl, -C(0)OM y , 
Ct-C^alkyl, d-dalkoxy, C 6 -C 10 aryl, S0 3 My, OS0 3 My, NRaoSOaMy, C(0)OR s i. 0C(O)Rs4, 
nitro, amino and cyano; or C 8 -Ci 6 aralkenyl with d-Cealkenyl and C 6 -Cioaryl or di-Ce-doaryl- 
C^alkyl; and R g is H f linear or branched C r Ci 0 alkyl f C5- or C 6 cycloalkyl, C 5 - or C 6 cyclo- 
alkylmethyl- or -ethyl, phenyl, naphthyl or benzyl, 2-phenylethyl or phenyl-CH=CH-CH 2 -; y is 
1 and M is an alkali metal or y is 1/2 and M is an alkaline earth metal, R20 is hydrogen, 
Ct-C^alkyl, C 2 -C 12 alkenyl, C 3 -C 12 cycloalkyl, d-dsjcydoalkenyl, C 2 -Cnheterocydoalkyl, 
CrQu-heterocycloalkenyl, C 6 -C 10 aryl, Cs-dheteroaryl, CT-dtaralkyl, C 6 -Ci 0 heteroaralkyl, 
Ce-Cn-aralkenyl or Cz-doheteroaraikenyl, R s i is hydrogen, M y , C r C 12 alkyl, drdzalkenyl, 
C 3 -C 12 cycloalkyl, C 2 -Cnheterocycloalkyl, C 6 -C 10 aryl, C 5 -C 9 heteroaryl, d-Cnaralkyl or 
C 6 -C 10 heteroaralkyl and R^ is hydrogen, Ct-C^lkyl, C 2 -C 12 alkenyl, C 3 -C 12 cycloalkyl, 
d-Cnheterocycloalkyl, C 6 -Cioaryl, C 5 -C 9 heteroaryi, CT-Cnaralkyl or C 6 -C 10 heteroaralkyl; 

(b) a sulfonamide-substituted alkyl group R 8 -S0 2 NR 9 -(CH 2 ) n - in which Re, R 9 and n have the 
meanings indicated in (a); 

(c) an aminocarbonylamide- or carbamate-substituted alkyl group R 9 NH-C(0)-NH-(CH 2 ) n or 
R 9 0-C(0)-NH-(CH 2 ) n in which R 9 has the meanings indicated in (a) and additionally phenyl 
and n has the meanings indicated in (a); 

(d) a carbhydrazido-substituted alkyl group R 8 -C(0)-NHNR 9 -(CH 2 ) n - in which R 8 , R 9 and n 
have the meanings indicated in (a); or 

(e) a sulfonhydrazido-substituted alkyl group R 8 -S0 2 -NHNR 9 -(CH 2 )„- in which Re, R 9 and n 
have the meanings indicated in (a). 
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32. A compound according to claim 27, wherein R, is an 

(a) amide R 8 C(0)N(R 9 ) ( CH 2 ) n - or R 8 S(0) 2 N(R 9 ,(CH 2 ) n -; where R3 and R 9 are independents 

":rtr ydr " en;unsute ^ 

C(0)ONa, C,-C 12 a. M , Cl -Cea. k oxy. C 6 -C loary i, -S0 3 H, OSQ,Na, NR^Na ^ Na nit 
andoyano;.^ 

unsuo^ted ^, unsubsfituted wfth ^ ^ ^ <>»■ 

c 6 -C 10 aryl, or (VCzaraJkyl with C-Oalkvl and r..r , . , , , 7 ' 

u . m ° Cs-Cioaryl, which is substituted bv one or 

TZZ^T* CHW*,^ 

C^'!^T!: ^ and R„ la hydro! 

C-c,^,. CC„he,e,ocyc,oa*», c-c, J c^Zl 

CCalfcox, halogen. -CM or . NOi , and „ „ ^ „ ^ ^ ^ 

(c) aminocartonylanride Ra-NH-C(0)-NH(CH 2 ^-, in which R. la Crft-fcl „ ^ 
Crtycloalkyl, CVC„aryl or C-ftrfralkyl, and n Is 2 or 1 • or 

(d) aminoalkyt W( CH d ,. where RsrandRg, are, o. ona another hydro- 

selected from the group consisting ol OH, halogen, C(0)OR„, OC(0)Rt4 C(0)-NR R 
C-Cralkyl, C-Celkoxy. 0*5** -SO,H, SOs Na. OSCWte Nfilo 1 V 
oyano; unsubstlluted CHJ^cycloalkyl- C-C J* W " 8<Vta> n * 0 ' amint> 

OH-cc, , ^ W ^' !C ^"^ wl " c "issubs«utedbyoneor m ore 

<^alkeny, and c*C** where a* and the ay! „ g. ^ ^ * are 

OH^ha ogen, 0(O W ,, 0C ( 0,R M . -c ( 0,0 Na . ^ -C,0 W „R,, 
C*** c^ a0 , . SOjH , SOsNa , OSOjNa NRmSOaNa, „ lt ro. an™ and c^o- 
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wherein n is 2 and preferably 1 , and R s1 is hydrogen, K or Na, C,-C 12 alkyl, C 2 -C 12 alkenyl, 
CrCzcycloalkyl. C-Cheterocycloalkyl, C 6 -C 10 aryl. C 5 -Cgheteroaryl, C 7 -C„aralkyl or 
C 6 -C 10 heteroaralkyl, is hydrogen. C,-C 12 alkyl. C 2 -C 12 alkenyl, C:rC 12 cycloalkyl, 
C-Ciheterocycloalkyl, C 6 -C 10 aryl, Cg-Cgheteroaryl, C 7 -C,aralkyl or Ce-C 0 heteroaralkyl, R„ 
is H, C,-C 4 alkyl, CrChydroxyalkyl, phenyl or benzyl, and R 12 independently has the 
meaning of Rn, or R„ and R 12 together are tetramethylene, pentamethylene or 
-CH2CH 2 -0-CH 2 CH 2 - and R 2Q is hydrogen, C,-C 12 alkyl, C2-C 12 alkenyl, C 3 -C 12 cycloalkyl, 
C 3 -C 12 cycloalkenyl, C 2 -C„heterocycloalkyl, C-Ci-heterocycloalkenyl, C 6 -C 10 aryl, 
Cs-Cgheteroaryl, CT-Caralkyl, C<rC 10 heteroaralkyl, C e -C,-aralkenyl or C7-C 10 heteroar- 
alkenyl. 

33. A compound according to claim 32. wherein R 4 is an amide R8C(0)N(R 9 )(CH2) n - or 
R8S(0) 2 N(R 9 )(CH 2 )„-, where R 8 is unsubstituted C,-C 12 alkyl; C-Cealkyl which is substituted 
by one or more substituents selected from the group consisting of OH. halogen. C(0)ONa 
and Cs-Coaryl; unsubstituted C 3 -C 12 cycloalkyl; C 3 -C 8 cycloalkyl which is substituted by one 
or more OH; unsubstituted C 6 -C 10 aryl or CrC 12 aralkyl with C-Cealkyl; C 6 -C 10 aryl, C-C^r- 
alkyl with C-Cealkyl and C 6 -C 10 aryl or C 8 -C 16 aralkenyl with C-Ce-alkenyl and C 6 -C 10 aryl, 
which is substituted by one or more substituents selected from the group consisting of halo- 
gen. -C(0)OH, C(0)ONa, C,-C 12 alkyl, d-Cealkoxy, -S0 3 H. SOaNa, OSOaNa, NR^SOgNa in 
which Ra, is hydrogen, C,-C 12 alkyl, C r Ci 2 alkenyl, C 3 -C 12 cycloalkyl, C 3 -C 12 cycloalkenyl, 
Cz-Cnheterocycloalkyl, Cz-C-heterocycloalkenyl, C 6 -C 10 aryl, Cs-Cgheteroaryl, CrCaralkyl, 
C6-C 10 heteroaralkyl, Ce-Cn-aralkenyl or C7-C )0 heteroaralkenyl, and nitro and cyano; and Rg 
is hydrogen; unsubstituted C-Cealkyl, unsubstituted C 6 -C 10 aryl, unsubstituted C7-C 12 aralkyl 
with C-Csalkyl and Ce-Caryl; or C8-C 16 aralkenyl with C-Calkenyl and C-Coaryl, and n is 
2 on. 



34. A compound according to claim 32, wherein R, is an amide R8C(0)N(R 9 )(CH 2 )„-, where 
Ra is unsubstituted C,-C 12 alkyl; C-C 12 alkyl which is substituted by one or more substituents 
selected from the group consisting of cyclohexyl, OH, halogen, -C(0)OH, -C(0)ONa and 
phenyl; unsubstituted C-Czcycloalkyl; CrCzcycloalkyl which is substituted by one or more 
OH; unsubstituted Ce-Caryl; C 6 -Coaryl, which is substituted by one or more substituents 
selected from the group consisting of halogen, C(0)ONa, -C(0)OH, C-C 6 alkyl, C-Calkoxy, 
phenyl, -S0 3 H, S0 3 Na, OS0 3 Na, NHS0 3 Na, nitro and cyano; or C-Cearalkyl with C- 
Cgalkyl and C«-C 10 aryl, and R 9 is hydrogen; unsubstituted C-Cealkyl, unsubstituted C- 
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C£«,m , CrC^ an, or CaC.areiken* w1 h c^c^ ^ 

C 6 -Cioaiyl t anclnis2or1. 

36 A compound according fo claim 34. wherein *b uneubsMuted 0,-0*** C C a,**, 

<M. * suba^uted b, one or more subsets ^ (rom „. ^ 

^en. C,0,OH, C ( 0 W a and phen,,; C^J^^X^ 

Med b one or more eubefffuen* selected from me group consMng of halogen -co™ 

CH, phen^H,. phen^ or pben^^ d n " £ n ** 

36. A compound according to claim 32, wherein R* is an amino afkvl RaR nph • „ 
«W and R, are. independent of one another, hwfregen- C 22 ^ " * 

37. A compound according fo claim 32. wherein R. k an areme ^ . _ 
Rr are. ,„dependen„ y o, one anodw, H. Crf** phenyWl . or ^ *" * « 

39. A compound according to daim 38, wherein the substitute for C c *.n . 

nyorogen, OH, C-C^alkyl, C 3 -C 12 cycloalkyl, CrCheterocvdoalkvi r , ^ 

-* C^,,ara, M or C^eteroarefM, -** « „Z££^* W "~ 

0(0,^0 NH! , cyano. SO^ 0 S0M . N R^ C,^, cjc ^ ^ 



WO 97/01569 PO7EP96/02785 



125- 



Ca-Cnheterocycloalkenyl, Ce-Cioaryl, Ce-Cioaryloxy, C 5 -C 9 heteroaryl, C 5 -C 9 heteroaryloxy, 
CrCnaralkyl, C7-Cnaralkyloxy, C 6 -C 10 heteroaralkyl, C 8 -C,iaralkenyl, C7-C 10 heteroaralkenyl, 
primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, 
sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R sl 
is hydrogen, M y , C r C 12 alkyl # C r C 12 alkenyl, C 3 -C 12 cycloalkyl, C^nheterocycloalkyl, 
Ce-Ctoaryl, Cs-Cgheteroaryl, CrCnaralkyl or C 6 -Cioheteroaralkyl, is hydrogen, 
C r C 12 alkyl f C 2 -C 12 alkenyl, C 3 -C 12 cycloalkyl, C 2 -Cnheterocycloalkyl, C6-C 10 aryl, Cs-Cghetero- 
aryl, Cy-Cuaralkyl or C 6 -C 10 heteroaralkyl and and are hydrogen, C t -C 12 alkyl, 
CjrCigalkenyl, CrC 12 cycloalkyl, C 3 -Ci2cycloalkenyl, CrCnheterocycloalkyl, (^-Cnhetero- 
cycloalkenyl, C 6 -C 10 aryl, CrCgheteroaryl, CrCnaralkyl, C 6 -C 10 heteroaralkyl, C 8 -C ir aralkenyl 
or CrCioheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo- 
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, aralkyloxy, hetero- 
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the 
abovementioned substituents; p is 0 or 1 and y is 1 and M is a monovalent metal or y is 1/2 
and M is a divalent metal; or R ff and R<y together are tetramethylene, pentamethylene, 
-(CH 2 ) 2 -0-(CH 2 ) 2 - f -(CH 2 ) 2 -S-(CH 2 ) 2 - or -(CH^-NRHCH,),-, and R 7 is H, d-Cgalkyl, Cr-dar- 
alkyl, C^R^ or sulfonyl. 

40. A compound according to daim 39, wherein R 4 is CH 2 -C 6 H 5 , (CH 2 ) 2 -C 6 H 5 , cyclohexyl, 
methyl, ethyl or isopropyl which are unsubstituted or substituted by one or more substitu- 
ents selected from the group consisting of NH 2 , cyclohexyl, C6-C 10 aryl, R 8 C(0)N(R 9 )-, 
RaS(0) 2 N(R 9 )-, R8NHC(0)NR 9 -, NR 9 C(0)NHR 8 and R^N-, in which Re, R 9 , R ff and R y are, 
independently of one another, hydrogen, C r C 12 alkyl, C 3 -C 12 cycloalkyl, C 6 -C 10 aryl or 
Cr-Cnaralkyl, which are unsubstituted or substituted by one or more substituents selected 
from the group consisting of OH, halogen, C(0)OM y , nitro, cyano, S0 3 My, OS0 3 My, 
NHS0 3 My, C r C 12 alkyl, C r C 12 alkoxy and C 6 -C 10 aryl, where y is 1 and M is a monovalent 
metall or y is 1/2 and M is a divalent metal. 

41 . A compound according to claim 26, wherein R 4 is C 6 H 11f CH(CH 3 ) 2 , CH 2 -phenyl, 
(CH 2 ) r phenyl, CH 2 NHC(0)-phenyl, CHgNHCfOXCH^phenyl, CH 2 NHC(0)(CH 2 ) 3 OH, 
CH 2 NHC(0)CF 3 , CH 2 NHC(0)C 6 Hn, CH 2 NHC(0)CnH 23 , CH 2 NHC(0)CH(C 6 H S ) 2 , 
CH 2 HNC(0)NHC 6 H s , CH 2 NHC(0)C 2 H 4 CO 2 Na, CH 2 NHC(0)C6[(1 ,3,4,5)OH] 4 H 7 , 
CH 2 NHC(0)C 6 H 4 -p-S0 3 Na, CH 2 NHC(0)C 6 H 4 CI, CH 2 NHC(0)C 6 H 4 N0 2 , 
CH 2 NHC(0)C 6 H 4 OCH 3t CH 2 NHC(0)C 6 H 4 (3,4)CI 2 , CH 2 NHC(0)C 6 H 4 CH 3| 
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CWHC(0)CH.ftH, OWmCIOKVWN. OWHOTOCrffc. CH ! NHC(0)C»H < COONa 
CH ! NHC(O,(CHCm)*0ONa.CH,N ( CH I CH=CH 1) he^,,C ( O) 1l henW] * 

CHAH,,. (CHdAH,,. CHMk. CH,NHCH^H=CH-phenyl. CT^HCHHthenvl 
CWHCH^CH,,, OWtCHrphe^ OWfl^ CH^HSO.p-n'tepheny, 
CH 2 NHSO r p.tolrtCH,NHSO s CF,.CH ! NHqO)NH(yi s o, 
C^NISOrP-nilrophenyllCHiCHCCHj)!),. 

42. A compound according 10 claim 1 , which corresponds to the formula la 

Hi 00 "* 



HO 



'OH 
HX 

HO 



in which 

Ra is hydrogen or M y ; and 

-Ms c-Catanyt. cc****, C^oatKenyt, C^,,„e,ercevdoa»cy, 

TcITT^ C^heteroarafcyl. 

C-Camlkenyl or CHW.eteroamtoenyt. whtah aro unsubsSMad or substituted once or 
several times; 

Rs and R, are, independently of one another, hydrogen, C^ky,, CC^doalky., 
C^,heterocydoa,Ky,. 0 M C^eteroaryl. ^ara.ky, or C^eteroara,^ or 

vtenTr t09e,her ^ ^ ^ 9r0UP ' ^^ne, C«-C 12 cy d oa, k en- 
ylene, C^.heterocydoalkylene and C 3 -C 11 heterocycloalkenylene with hetero atoms 
selected from the group of -0-, -S- and -N-; 

where alkvl, cycloalkyl. heterocycloalkv,, aryl. hetetoaryt, aralkyl, heteroamlky,, cvdc- 

o^HJh 0 *^ "—**-»'« - Wenylene am unseed 
o, subsMuted once o, several .meet where me subsatuent ts selected from the group OH 

C T^T**' 0C<0,R *" Cn,U NH! ' OS °^ ' 

C-Calkyl. C^IKen*. c.-CalKoxy, c^cyetoalk,,, c^cydoallrenyl. ^ 
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cycloalkyl, C 2 -Ciiheterocycloalkenyl, C 6 -C 10 aryl, C6-C 10 aryloxy, CrCgheteroaryl, 
C 5 -C 9 heteroaryloxy, CT-Cnaralkyl, Cr-Cnaralkyloxy, C 6 -C 10 heteroaralkyl, Cs-Cnaralkenyl, C r 
C 10 heteroaralkenyl, primary amino, secondary amino, sulfonyl, sulfonamide, carbamide, 
carbamate, sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonyl- 
amide, where R si is hydrogen, My, Ci-C 12 alkyl, CrCu^alkenyl, C 3 -C 12 cycloalkyl, C 2 -Cnhetero- 
cycloalkyl, C6-C 10 aryl, C 5 «C 9 heteroaryl, Cy-Cnaralkyl or Ce-doheteroaralkyl, Rs4 is hydrogen, 
C r C 12 alkyl, C2-C 12 alkenyl, C 3 -C 12 cycloalkyl, C 2 -Cnheterocycloalkyl, C 6 -C 10 aryl, Cs-Cghetero- 
aryl, Cr-Cnaralkyl or C 6 -C 10 heteroaralkyl and and R^ are hydrogen, CrCi^lkyl, C r 
C 12 alkenyl, C3-C 12 cycloalkyl, C 3 -Ci 2 cycloalkenyl, C 2 -Cnheterocydoalkyl, C 2 -C ir 
heterocydoalkenyl, C 6 -C 10 aryl, C 5 -C 9 heteroaryl, CVCnaralkyl, C 6 -C 10 heteroaralkyi, Cs-Cn- 
aralkenyl or Cr-Cioheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, 
heterocycloaikyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, 
aralkyloxy, heteroaralkyl, aralkenyl and heteroaralkenyl in turn are substituted or 
unsubstituted by one of the abovementioned substituents; and y is 1 and M is a monovalent 
metal or y is a 1/2 and M is a divalent metal. 

43. A compound according to claim 42, wherein R 3 is H, K or Na; R s and R e are, together 
with the -CH-CH- group, C 3 -Ci2cycloalkylene, C 4 -C 12 cycloalkenytene, C r Cnheterocyclo- 
alkylene and QrCnheterocycloalkenylene with hetero atoms selected from the group -O, 
-S- and -N-; which are unsubstituted or substituted once or several times; where the sub- 
stituent is selected from the group consisting of OH, halogen, C(0)OR s i, OC(0)Rs4 F 
CtOJR^, nitro, NH 2| cyano, S0 3 My, OS0 3 My, NRzoSOsMy, CrC 12 alkyl, C^Cigalkenyl, 
CrC i2 alkoxy, QrC^cycloalkyl, C 3 -C 12 cydoalkenyl, CrCnheterocydoalkyl, CVCnhetero- 
cycloalkenyl, C 6 -C 10 aryl, C 6 -C 10 aryloxy, Cs-Csheteroaryl, C5-C 9 heteroaryloxy, Cr-Cnaralkyl, 
Cy-Cnaralkyloxy, C 6 -C 10 heteroaralkyl, Ce-Cnaralkenyl, C7-C 10 heteroaralkenyl, primary 
amino, secondary amino, sulfonyl, sulfonamide, carbamide, carbamate, sulfonhydrazide, 
carbhydrazide, carbohydroxamic acid and aminocarbonylamide, in which R s1 is hydrogen, 
My, C r C 12 alkyl, C 2 -C 12 alkenyl, C 3 -C 12 cycloalkyl, C 2 -C t1 heterocydoalkyl, C 6 -C 10 aryl, 
Cs-Cgheteroaryl, Cj-Cnaralkyl or C 6 -Ci 0 heteroaralkyl, R* is hydrogen, CrC 12 alkyl, 
C 2 -C 12 alkenyl, C 3 -Ci 2 cycloalkyl, CrCnheterocydoalkyl, C6-C 10 aryl, Cs-Cgheteroaryl, 
Cr-Cnaralkyl or C 6 -C 10 heteroaralkyl and R^ and R^ are hydrogen, CrCi^lkyl, 
CrC 12 alkenyl, C r C 12 cycloalkyl, C 3 -C 12 cycloalkenyl, CrCnheterocydoalkyl, C2-C u hetero- 
cycloalkenyl, C 6 -C 10 aryl, C 5 -C 9 heteroaryl, Cy-Cnaralkyl, C 6 -Ci 0 heteroaralkyl, (VCn-aralkenyl 
or C 7 -Cioheteroaralkenyl, and alkyl, alkenyl, alkoxy, cycloalkyl, cycloalkenyl, heterocyclo- 
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alkyl. heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl, araikyloxy, hetero- 
aralkyl, aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the 
abovementioned substituents; and y is 1 and M is a monovalent metal or y is 1/2 and M is a 
divalent metal; 

(a) R 4 is a residue R,HCH 2 )„- or cyclohexyl, in which n is 1 or 2 and 

R, 2 is C-Coalkyl, Cs-Cecycloalkyl. C^oaryl or C 8 -C 12 aralkenyl, which are unsubstituted or 

substituted by C-^alkyl, C,-C 4 alkoxy, F. CI, -CN or -N0 2 ; or 

Ri 2 is an amino group -NR^R,, and R* and R ff are Chalky! or unsubstituted or 

C-Calkyl-substituted Cs - or Cecydoalkyl, CVCoaryl, CVC 12 aralkyl or CVCrfralkenyh or 

R, 2 is an amide group -N(R 9 )C(0)R8. -N(R 9 )S(0) 2R8 , -NR^OJNHRa or -NR^OJNHRe in 

which Ra is C 6 -C 10 arvl, which is unsubstituted or substituted by C-C.alkyl, Cl -C 4 alkoxy, F, 

a, -CN or -NO* or C,-C 10 alkyl which is unsubstituted or substituted by F or CI, and R 9 is H 

C-C^lkyl, Cs - or Cscydoalkyl. Cs - or Cecydoalkyl-C-Cealkyl, phenyl-C^alkyl or phenyl-' 

CrCealkenyl; or 

(b) R 4 is Cl -C 12 alkyl, C3-C 12 cycloalkyl or CVCaraikyl which are unsubstituted or substituted 
by one or more substituents selected from the group consisting of OH, halogen, C(0)OR , 
OC(0) Rs4 , CfOR*. nitro, NH 2 , cyano, SOaM,, OS0 3 M„ NR^OaM,, C-Coalkyl 
CC^Ikenyl, C t -C 12 alkoxy, Ca-C 12 cydoalkyl, C 3 -C 12 cycloalkenyl, C^heterocydoalkyl CV 
C^heterocydoalkenyl, CVC 10 aryl, Ce-C.oaryloxy, C 5 -C 9 heteroarvl, Cs-Csheteroaryloxy Or 
C 1ia ralkyl. C^aralkyloxy, CVC 10 heteroaralkyl. Ce-C^aralkenyl, C^,oheteroaralkenyl 
pnmary amino, secondary amino, suKonyl, sulfonamide, carbamide, carbamate sul- 
fonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R s1 is 
hydrogen, M„ C r C 12 alkyl. CVC^alkenyl, C^^doalkyl, C^heterocycloalkyl. 
Ce-Coaryl, C^eteroaryt, CrCnaralkyl or Ce-C 10 heteroaralkyl, Rs4 is hydrogen 
C-C 12 alkyl. C^lkenyl, C3-C 12 cydoalkyl, C^heterocycloalkyl, (VCoaryl, C^hetero- 
aryl, CVdaralkyt or C^oheteroaralkyl and Rs2 and R* are hydrogen, C-C^lkyl, 
CVC^Ikenyl, C3-C t2 cycloalkyl, C3-C 12 cycloalkenyl, C.-Cheterocycloalkyl, C.-C.hetero- 
cycloalkenyl, Ce-Coaryl, Cs-C^eteroaryl, CVCaralkyl, C^ 10 heteroara.kyl, Cs-C-aralkenyl 
or (VCoheteroaralkenyl, and alkyl, alkenyl, alkoxy. cycloalkyl, cydoalkenyl, heterocydo- 
alkyl, heterocycloalkenyl, aryl, aryloxy, heteroaryl, heteroaryloxy, aralkyl. araikyloxy, hetero- 
aralkyl. aralkenyl and heteroaralkenyl in turn are unsubstituted or substituted by one of the 
abovementioned substituents; and y is 1 and M is a monovalent metal ory is 1/2 and Mis a 
divalent metal. 
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44. A compound according to claim 43, wherein 

(i) R, is C 6 H, 1f C 6 H„-CH 2 , C e H„-CH 2 CH r , C 6 H S -CH 2 -, CeHj-CHzCHa- or C 6 H r CH=CH-CH r ; 

(ii) R4 is CeH,,, C 6 H„-CH 2 -, C 6 H„-CH 2 CH 2 -, CeHrCfV, QjHs-C^CHr, -CH 2 -NR 19 -S0 2 R 18 , 
-CH 2 -NR 19 -C(O)R40. CH 2 NHC(0)NHR 18 . -CH 2 NHR 2 , or CH 2 N(R 2t ) 2 , in which R 18 is -C 6 H 5 , 
phenyl which is substituted by 1 to 3 methyl or methoxy or -N0 2 or F or CI, or C,-C 4 alkyl, 
which is substituted by F; R40 is phenyl which is unsubstituted or substituted by 1 to 3 
methyl or methoxy or -N0 2 or F or CI; R, 9 is H, C.-Cealkyl, phenyl-(CH 2 )r with z equal to a 
number from 1 to 3, phenyl-CH=CH-CH 2 -, -CH r CH(CH 3 ) 2 or benzyl; and R 2 , is 
-Chfe-CRaRagR^ in which R^ and R 23 , methyl, ethyl or phenyl and R 24 is H, ethyl or methyl; 
or 

(iii) R4 is C 6 Hit, CH 2 -C 6 H 5 , (CH 2 ) 2 -C 6 H S , methyl, ethyl or isopropyl, which are unsubstituted or 
substituted by one or more substituents selected from the group consisting of NH 2 . cyclo- 
hexyl, Cs-Coaryl, R 8 C(0)N(R 9 )-, R8S(0) 2 N(R 9 )-, NR 9 C(0)NHR8 and B g R 9 H- in which R 8 , R 9) 
Rff and Rg- are, independently of one another, hydrogen, d-C^lky!, C 3 -Ci2cycloalkyl, 
Ce-Ctoaryl or Cr-Cnaralkyl which are unsubstituted or substituted by one or more substitu- 
ents selected from the group consisting of OH, halogen, C(0)OMy, nitro, cyano, S0 3 My. 
OS0 3 My, NRaiSOsMy, C,-C 12 alkyl, d-C 12 alkoxy and Ce-Cioaryl, where R^ is hydrogen, 
Ci-Ci^lkyl, C;rC 12 alkenyl, C 3 -C 12 cycloalkyl, Qj-CniCycloalkenyl, QrCuheterocycloalkyl. 
Cz-Cn-heterocycloalkenyl, C 6 -C 10 aryl, Qrdheteroaryl, CT-Caralkyl, Ce-Coheteroaralkyl, 
Cs-Cn-aralkenyl or C r C 10 heteroaralkenyl, y is 1 and M is a monovalent metal or y is 1/2 and 
M is a divalent metal. 

45. A compound according to claim 42, wherein R, is C 6 Hn, CH(CH 3 ) 2 , CH 2 -phenyl, 
(CH 2 )2-phenyl, CH 2 NHC(0)-phenyl, CH 2 NHC(0)(CH 2 )3-phenyl. CH 2 NHC(0)(CH 2 ) 3 OH, 
CH 2 NHC(0)CF 3 , CH 2 NHC(0)CeH 11t CHzNHCpjCHz,, CH 2 NHC(0)CH(C 6 H 5 ) 2 . 
CHzHNC^NHCeHs, CH 2 NHC(0)C2H 4 C0 2 Na. CH 2 NHC(0)C6[(1 ,3,4,5)OH] 4 H 7 , 
CH 2 NHC(0)C 6 H 4 -p-S0 3 Na, CH 2 NHC(0)C6H 4 CI, CH 2 NHC(0)C 6 H 4 N0 2 , 
CH 2 NHC(0)C 6 H 4 OCH 3 , CH 2 NHC(0)C6H 4 (3,4)CI 2 , CH 2 NHC(0)C6H 4 CH 3l 
CH 2 NHC(0)C 6 H 4 C 8 Hs, CH 2 NHC(0)C 6 H 4 CN, CH 2 NHC(O)C 10 H 7 , CH 2 NHC(0)C6H 4 COONa, 
CH 2 NHC(0)(CHOH) 2 COONa, CH 2 N(CH 2 CH=CH-phenyl)IC(0)-phenyl], 
CHzNfCHzCHtCH^lICtO-phenyl], CHaN^OCeHsJCHzCeHs, CHaNICCOCeHsKCH^CeHs, 
CHzCsH,,, (CH 2 ) 2 C 6 H„, CH 2 NH 2 , CH 2 NHCH 2 CH=CH-phenyl. CH 2 NHCH 2 -phenyl, 
CH 2 NHCH 2 CH(CH 3 ) 2 , CHzNCCHz-phenyl);,. CH 2 N[CH 2 CH(CH 3 ) 2 ] 2 , CH 2 NHS0 2 -p-nitrophenyl, 
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CHzNHSCVp-tolyl, CH 2 NHS0 2 CF 3) CHaNHC^JNHCsHs 
C^NfSQz-p-nitrophenylHCHzCHfCHa)^. 



or 



46. A process for the preparation of the compounds of the formu.a . according to daim 1 
wh,ch comprises etherifying the 3-OH group of a compound of the formula V 



3 


OH 




HO -y* 


^O 




M 12 ° 


-OR «• 


o 

i 








rJ 







(V) 



in which R 2 and X have the meanings mentioned in daim 1 , R 12 , s a protective group and 
R« andR 12 are, independently of one another, hydrogen or a protective group, witha 
compound of the formula VI 

RrR t3 (VI) 

b, »Mch , B, has ma waning manuonad ,„ cfaim 1 and R, 3 isa iaaving group, and e(lrtn a- 
ong the protective groups. 

47. A process (or the praparaHon of the compounds of tha formula I according to ctaim 1 . 
Whrch comprises gfycosidicaay linking me profacfed fucosa hydroxy eiher of fhs formula VI, 
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in which R 2 and X have the meanings mentioned in claim 1 , and Ri 2 is a protective group, 
with the protected galactose of the formula VIII 




in which R t and R12 have the meanings mentioned in claim 1 , Z is O or S, and R is a leaving 
group, and subsequently removing the protective groups from the resulting compound. 

48. A compound of the formula V 




in which 

X is the residue of a non-glycosidic aliphatic 1 ,2-diol; 

R 2 is hydrogen, Ci-Ci 2 alkyl or C 6 aryl; where the alkyl and the aryl are unsubstituted or sub- 
stituted by one or more substituents selected from the group consisting of OH, halogen, 
C(0)OR s1 , OCfOJR^, C(0)Rs2, nitro, NH 2 , cyano, S0 3 M y , OS0 3 My, NRaoSOsMy, C t -C 12 alkyl t 
C 2 -C 12 alkenyl, CrC^lkoxy, C 3 -Ci2cycloalkyl, QrC^cycloalkenyl, CrCnheterocycloalkyl, 
C 2 -Cnheterocycloalkenyl, (VCioaryl, Ce-Cioaryloxy, Cs-Cgheteroaryt, CrC^eteroaryloxy, 
Cr-Cnaralkyl, CrCnaralkyloxy, Ce-doheteroaralkyl, C e -Cnaralkenyl, CrCi 0 heteroaralkenyl, 
primary amino, secondary amino, suHonyl, sulfonamide, carbamide, carbamate, 
sulfonhydrazide, carbhydrazide, carbohydroxamic acid and aminocarbonylamide, where R st 
is hydrogen, M y , Ci-Ci2alkyl, CrCi^kenyl, C 3 -Ci2cycloalkyl, C 2 -C t1 heterocycloalkyl, 
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Chalky.. (VCalkenyl. C-CcyCoalky,. C^heterocycfcalky, c ° ' 

alkyl. hetenxycloalkenyl. aryl. aiybxy. hetemaryl, heteroa^toxy amikv, LJ k 
aralky,. M and heteroaraikeny, in him are ^^7™ 
abovementioned substituents* and v is 1 and M I " y °' 

divaien, mete,; ' and y is l and M is a monovalent mete, or y is and M is a 

or by tfysosMe attachmen , „, aoZ^ ^ "** 

O-X-OH buadingblock , ^n^^^ZZT^^ Sa ' M ^ 

50. A compound according to claim 1 for use in a th«„ 

51. A pharmaceutical exposition „ ^ ^ 
according .o claim 1 . alone er together with other at*. «„h« 

earner, and. where approve, events ~ ' «*— *- 
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